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INTRODUCTION. 



While bridge trusses for single spans have been treated 
of very fully by many authors, and the interrelation of 
their parts is well understood, those engineers who have 
had occasion to investigate the subject arc fully aware 
oi the difficulties which beset the attempt to determine the 
stresses on trusses continuous over the piers and on pivot or 
drawbridges. The mathematical investigations are intri- 
cate, and the formulsB deduced are troublesome in appli- 
C-ition. Most of the authorities pass over one or both of 
these problems with a judicious silence, and only by dint 
of hard study, and a diligent brushing up of mathematics 
in which the best of engineers are liable to become rust}^ 
can any one follow the very few writers who do touch 
upon these subjects. 

Prof. Clerk-Maxwell has given us a graphical method 
which, when applied to roofs and trusses under a steady 
load, leaves nothing to bo desired. We also pos- 
.S3SS a method for graphically finding the stresses on 
single trusses, which, with some modifications, is explained 
and illustrated in the first part of this work ; but its 
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extension and adaptation to continuoucj girders and draw- 
spans, as subsequently set forth, is believed to be entirely 
original. 

The method will be found to be general in its applica- 
tion, easily put upon paper and well adapted for the 
drawing table and practical work. The instruments re- 
quired are simple : — a good drawing-board, triangles, T- 
squaro or straight-edge, scale and lead-pencil. 

In order to make all the steps of the process perfectly 
plain, especially to those unacquainted with graphical 
methods in general, ojid perhaps at the risk of dwelling 
too long on well understood points, we have commenced 
with the triangle of forces, whence we can probably all 
start together, and then have taken up shearing force 
and bending moment in a beam or truss ; trusses of single 
span with horizontal chords, with inclined chords ; trusses 
of two continuous spans, of several spans ; and finally pivot 
or draw spans. 

If the reader will draw some of the following diagrams 
for himself, on a much larger scale, he will more readily 
see the truth of the statements which will be made ; and 
if we succeed in removing some of the mystery which sur- 
rounds these latter classes of bridges, our object will be 
accomplished. 



CHAPTER I, 

SINGLE SPAN .TRUSSES : V/ITII HORIZONTAL CHORDS. 

1. We know, by one of the fundamental theorems of 
mechanics, that, if three forces, not parallel, act upon a 
body, and are balanced, their directions must intersect at 
a common point, and that these forces must be propor- 
tional to the sides of a triangle drawn parallel to their 
directions ; and that, conversely, if three forces be taken 
parallel to the three sides of any triangle, and propor- 
tional in magnitiide to the same sides, with the direction 
of the several forces taken in the order obtained by pass- 
ing over the sides of the triangle in succession, these 
three forces, applied at one point, must bg,lance or be in 
equilibrium. 

If the weight W, Fig. 1, be hung from two points, A 
and B, by the cords A C and C B, we may find the pull or 
tension on each of the cords, by drawing a vertical line 
a &, equal, by any convenient scale, to the given weight 
W, and then drawing the lines a c and b c, from the ex- 
tremities of a &, parallel to A C and B C, intersecting at c, 
Tlien will a c and h c represent, by the same scale by which 
W was laid off, the pull on the cords A and B C. The 
arrows represent the directions of the stresses relatively 
to the point C, and the arrows on the triangle a h c must 
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be found to point successively in order ;round the 
triangle. 

If W and the two stresses a c SLudb c had been given, 
we might have reversed the problem, and found the direc- 
tion and length of two cords which, while supporting W, 
would have exerted the given tensions on the points A and 
B. As it is possible to draw any number of triangles on 
the line a 5, w6 may have a like number of arrangements 
of cords from A and B to carry W. 

2. If we have several weights suspended from the 
points A and B, Fig. 2, by means of a cord whose weight 
may be neglected or C(;>nsidered to be included in the 
given weights, we find the tensions on the several portions 
of the cord by the successive applications of the above 
})rocess. The weight at C is balanced by the tensions of 
.1 C and D, and we mc>y draw the triangle of forces for 
the point C. Next, having the weight W2 and the ten- 
sion, just found, on C D, we may draw a triangle for the 
point D. 

But we may bring the triangles together, into one 
figure, by the following construction. Draw a vertical 
line 1-2, and maasure on the same Wi, Wg, W3 and W4, 
successively, to any convenient scale of pounds or tons to 
the inch. Draw 1-0 parallel to A C and 2-0 parallel 
to BF. Connect the point with the other points of 
division on the vertical line. Then will a-c, c-d, d-e, 
e-f and f-b be" equal to the stresses on A C, C D, D E, 
E F and F B, and the portions of the cord must be 
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parallel to the lines radiating from 0, or the cord will not 
otherwise be in equilibrium. 

The figure 012 will be called the stress diagram, the 
line 1-2 the load line, and the cord from A to B, which 
hangs in what is called a funicular polygon j we shall have 
occasion hereafter to designate the moment curve. 

If the weights and their horizontal distances from the 
point A and the horizpntal distance of B from A were 
alone given, we might draw a moment curve to satisfy the 
condition of equilibrium, by assuming the point in any 
convenient position, drawing the radiating lines to the 
several points on 1-2, then drawing a line parallel to 
a-c from A to meet a vertical through "Wi, from the 
point C, so found, drawing a line parallel to c-d to meet 
a vertical through W2, and so on, the last line, parallel to 
f-b, determining' the position of B, since its horizontal 
distance from A was supposed given. This latter simple 
application of the method for finding a moment curve will 
suffice for the investigation which is to follow. 

3. If all the forces act on a structure in one vertical 
plane, they may be resolved into horizontal and vertical 
components in that plane. The external forces considered 
here are all vertical, being the weights of the structure 
and the load, together with the reactions of the points of 
support which balance them. If a beam or truss, sup- 
ported in any manner, is cut by a vertical plane, we shall 
have, on one side of the plane of section, the resultant of 
all the external vertical forces which act upon the portion 
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of the beam upon that dde, and this resultant must be 
balanced by the sum of the vertical components of the 
stresses in that section of the beam, or by what is com- 
monly called the shearing stress ; and the resultant of ver- 
tical forces just spoken of is also called the shearing force 
at the section in question. Further, the external forces 
on one side of the plane of section, (since they are vertical, 
they have no horizontal components ;) have moments 
around the plane of section, and the resultant moment, 
called the bending momerd, is obtained by multiplying each 
force by its distance from the plane of section as a lever 
arm, adding together thoso products which have a ten- 
dency to rotate in one direction, and subtracting the sum 
of those products which tend to rotate in a contrary direc- 
tion. The remainder is the bending moment at the sec- 
tion and tends to produce rotation in the direction shown 
by the larger sum. This moment is balanced by the mx)- 
ment of resistance of a couple made up of the respective 
resistances to compression and extension of the fibres or 
pieces in the two portions, upper and lower, of the beam 
or truss, multiplied by the distances between the sets of 
particles undergoing equal opposite stresses. Knowing 
the shearing force and bending moment at different sec- 
tions of a beam or truss, we must have forces exerted, 
througli the portion cut by the plane of section, sufficient 
to balance them. 

4. Suppose now a beam, such as is represented in Fig. 
3, to be supported at the two ends, and to have four un- 
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equal weights situated, as shown, at unequal intervals 
upon it. Let the weight of the beam be included in the 
imposed weights. It is required to find the supporting 
forces^ or the pressures Pi and P2, upon the abutments A 
and B, the shearing force and the bending moment at 
every point. 

Draw a stress diagram, as before, by laying off', on \\ 
vertical line, 1-2, Pig, 3, the weights or loads Wj, W2, 
etc. ; assume a point at a convenient distance from 1-2; 
and draw radiating lines from to all the points of divi- 
sion on 1-2. Draw vertical lines through the points of 
support and the loaded points, A, C, D, E, F and B. Com- 
mence at some point, A', in the vertical through A, and 
draw A' C parallel to 0-1. Prom the point C, where 
this line cuts the vertical through the first weight, draw 
CD' parallel to 0-3. Continue the same process until 
the last line P'B', drawn parallel to 0-2, meets the 
vertical line let fall from B, the second point of sup-- 
port. 

If A' C D' E' P' B' were a cord, fastened at A' and B' 
and under the action of the given weights in their given 
positions, it would be in equilibrium, as shown in a pre- 
ceding section. The pull on A' would be in the direction 
A'C and of the amounfc 0-1. The pull on B' would be 
in the direction B' F' and of the amount 0-2. If now 
the two ends of the cord, in place of being fastened at A' 
and B', were attached to the ends of a rigid bar, A'B', the 
whole system might bo suspended by two cords from the 
points A and B without disturbing the equilibrium *of the 
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I 

t 

polygon. For, if we draw 0-5, in the stress diagram, 
parallel to A' B', wc can sec that the inclined pulls at A' 
and B' arc, by the introduction of the bar A' B', each de- 
composed into a thrust along the btxr and a force acting 
vertically downwards, as shown by the arrows. At the 
point A' we have three forces which, in the stress diagram, 
must make, the triangle whose sides arc 0-1, 0^5 and 
1-5., In the same way, considering the point B', we shall 
have, in the stress diagram, the triangle whose sides are 
0-2, 0-5 and 2-5, The thrust 5-0 from A' balances 
the thrust 0-5 from B', and there remain 1-5 and 5-2, 
or Pi and Po, the forces exerted by this system on the 
points of support A and B. Any other system of framing, 
loaded in the same way, must give the same pressure on 
the points of support, and the reactions of the abutments 
will be equal and opposite to these .pressures. 

Therefore, to find the supporting forces : — having drawn 
the moment curve, connect A' with B', drav/ 0-5 parallel 
through 0, and the two portions into which the load line 
is thus divided will be the forces required. 

5. As the shearing force at any section is the resultant 
of the vertical forces on one side of the plane of section, 
the shearing force at any point between A and C will be 
Pi, the only vertical force acting on the left of that point. 
As Pj, the reaction of the abutment, acts in an upward 
direction, draw Kg vertically, equal to Pj. Between C 
and D the shearing force will be Pi— \Vi, or 3-5 ; be- 
tween D and Pj it will be Pi—Wi— Wg, or 4-5 ; and so 
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for all parts of the beam. The shearing forces can be 
reiad off directly from the load line, as just shown, the 
point 5 being always one end. 

But, if we draw from g a line g ^, parallel to A B, then 
at the point ^, vertically over C, measure off, downwards, 
i k, equal to Wi, draw k I horizontally, then I m, equal to 
Wg, and then mnpq rs, we shall have a broken line, the 
ordinate to which, from any point of the beam A B, will 
be the shearing force at that point. When the W*s which 
have been subtracted exceed Pi, the broken line passes 
below A B, and finally, on arriving at B, having subtract- 
ed all the W\s, we have a shearing force equal but oppo- 
site to Pg. So, at any section, the shearing force at one 
side of the plane of section, obtained by the subtraction 
just described, will always be equal and opposite to the 
shearing force on the other side of the same plane of sec- 
tion, obtained by working from B, with the supporting 
force Pg as the minuend. Such a result is required, to ful- 
fil the condition of equilibrium. 

6. Lastly, to find graphically the bending moment at 
any point. Take the point S. The bending moment on 
the beam at S is 

Pi. AS — Wi^OS — Wa .T>'S. 

Drop a perperldicular from S, cutting' the polygon 
A' E' B' at I and K. Produce A' C and C^ D' to meet 
this. perpendicular at L and M. Also draw C N horizon- 
tally. In the stress diagram draw a horizontal line 0-G, 
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tbrough 0, to meet the load line. Call this line H. 
It is the horizontal projection of the stress on each side 
of the funicular polygon, or moment curve, and is plainly- 
equal to the horizontal stress at any point of the curve, 
which is well known to be constaM for a system of verti- 
cal loads. 

The triangles C N M and 061, having their sides paral- 

« 

lei, are similar, and we have the proportion' 

M N : C N = 1-6 : 0-6. 

Prom the similar triangles C L ¥ and 0S6 we have 

L N : C N = 6-3 : 0-f>. 



Hence 



or 



But 



MN— LN _ 0-6)— (6-3) 
C'N — 0-G 

M L . (0-6) = (1-3). C N. 

0-6 = H ; 1-3 = W„ .-. 

H . M L = W, . C N = Wi . 0*S. 



In the same way 

H . L K = Wa . I) S, and H . I M = Pi . A S ; .-. 

the bending moment 

M = H (I M-M L-L K) = H . I K. 

Hence the bending moment, at any point of the beam, 
is proportional to the ordinate, from A' B' to the moment 
curve, vertically below that point, and is equal to the pro- 
duct of that ordinate by H, the constant horizontal com- 
ponent of the tensions on the curve. 
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The ordinate must be measured by the scale to which 
the beam is drawn, and the line which represents H by 
the scale to which the load line is measured ofif ; but the 
two figures may be of the same scale, that is number of 
tons and feet to the inch, or of different scales, whichever 
is most convenient. If the point be taken at such a 
distance from the load line that 0-G shall measure just 
ten or one hundred units of weight in length, the bending 
moment will be readily obtained by scaling the ordinate, 
and moving the decimal point to the right, one or two 
places as the case may be. 

It will be noticed, that the greatest value of the shear- 
ing force occurs where the bending moment is least, and 
vice versa. 

7. We may now proceed to apply this method to a 
bridge truss, with parallel chords, under a given moving 
load. Let the truss be represented by A B C D, Fig. 4, 
supported at A and D. The span is supposed to be 80 
feet, height of truss 10 feet, fixed load k ton per running 
foot, moving load i ton per running foot. The scales of 
the. figure are, as shown below it, 30 feet = 1 inch, and 
30 tons = 1 inch. The small weights represent the fixed 
load, arising from the truss and platform, as if concen- 
trated on the joints of the lower chord ; the larger weights 
represent the moving load. As each panel is ten feet 
long, the load from the truss at each joint will be 2^ tons, 
and from the rolling load 5 tons. The points A and D 
will each carry one half a panel weight ; these weights 
will cause no stress in the truss, and might be neglected 
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altogether ; but it will be found convenient to plot them 
on the load line, as thus the total weight of the truss will 
be accounted for, and the shearing force will be more 
readily obtained. 

Suppose the rolling load to extend from the abutment 
A to the joint J, inclusive. Draw a vertical line, and lay 

off 1—2 equal to — ^^ — tons, the weight at A ; next 2-3 






= k 12 tons at E, 3-4 = Ti tons at F, and so on to 6-7 at 
J ; then 7-11 = 1\ tons at K, 11-12 = 2i tons at L, 
and finally \\ tons at D, reaching a point 13, midway be- 
tween 12 and 14. Next assume the point 0, which is here 
taken so that H measures 20 tons. Leave out of con- 
sideration 1-2, the weight at A, and starting at A', a con- 
venient distance vertically below A, draw A' E', E' F', 

Li' Di', parallel respectively to 2-0, 3-0, 4-0, 

&c., the line L/ D/ being drawn parallel to 12-0. 

Connect A' D/, and draw, in the stress diagram, 0-9 
parallel to A' D/; 1-9 and 9-13 will be the supporting forces 
at A and D. Lay off vertically, from a line a d^d g equal 
to 9-13, and a n equal to 1-9. The shearing force at any 
section might then be represented by a broken line, as in 
Fig. 3, gihlm, &c. ; but we can more readily draw the 
line gp n, which would be the bounding line of all the 
shearing ordinatcs, in case the load were uniformly dis- 
tributed, instead of being concentrated at a series of 
points. If we wished to draw the broken line, we should 
deduct from dg the load on D, and then draw a horizon- 
tal line across the space under the first panel, which 
4ine would cut gp at a point vertically above g', or in the 



J 
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middle of a panel space. That this ought to occur may 
be seen, if we consider that the load on each joint comes 
from half of the panel on each side. The inclination of^^ 
must be such, that the ordinates to it shall diminish 2 3 
tons for each panel ; the ordinates of jp /i must also dim- 
inish at the rate of 7 2 tons per panel ; and, if ^^ and^ n 
are drawn from g and n respectively, then p will come m 
the middle of a panel. 

8. If the rolling load retires, so that G is the last fully 
loaded point, we shall have three loads of 7 5 tons each, 
and the points from I to L will carry only 2\ tons each. We 
may mal^e available a large portion of the curve already 
drawn ; since 4-5 represents the load on G, we can lay 
off the smaller loads below, the one on L falling at 6-16. 
Constructing a second moment curve, as we did the first, 
we shall get A' E' F' G' I' J2' K2' "Lj D^', and, drawing 
0-8 parallel to A' D./, we get the new supporting forces 
for this position of the rolling load. Hence we find h r 
and r i as we did gp and p n. 

If the load extends over the whole truss, our load line 
will be 1-10, and the moment curve A' E' F' G' V J' K' 
\J D'. As was taken opposite the middle of 1-10, and as, 
for an entire uniform load, the two supporting forces are 
equal, the line A' D' is horizontal. The shear diagram 
for this case isdcvh a. 

9. If we should carry out the construction for every 
position of the load, we should discover some facts which 
are of importance as rendering needless the drawing of 
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SO taany diagrams ; and we may see indications which 
lead to that discovery in the figure already described. 
First : — the bending moment, at any point of a beam or 
truss, is greatest when the whole beam is loaded. The 
curve A' G' J' D' will give ordinates of tliQ greatest 
length, and these ordinates, multiplied by H, give the 
bending moments. Second : — the shearing force at any 
point is greatest when the longer segment, of the two into 
which the point divides the truss, is fully loaded. For 
example, the shear in the panel J K is greatest when 
the rolling load extends from A to J, at which time the 
ordmate will rise io p ; but^ for any other position of the 
load, the ordinate will be less. 

Third : — we should find, in addition, that the points p, 
r, &c., lie on a parabola whose tangents arc readily drawn ; 
and the curve shown by the dotted line from m to t^ can 
then be constructed. 

The limitmg values of the shearing forca at the abut- 
ments are, for the least value, one half of the weight of the 
truss unloaded, and, for the greatest, one half of the weight 
of the truss and full load. Lay off a e equal to the former 
amount and d c equal to the latter If cZ c be plotted 
above ad, ae must be plotted below ; connect e and c 
with the middle point v of a d. Otherwise, the shearing 
diagram for the loaded truss will be cZ c Z> a^ and for the 
unloaded truss dfea; all other diagrams must have their 
terminal points between / and c, and e and b ; we have, 
then, the tangents c t; and 6 ?; on which to construct the 
parabola. 
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10. The curve is easily found as follows: — ^let ABand 
B C, Fig. 5, be two tangents. Divide each tangent into 
the same number of equal parts ; number the points of 
division 1, 2, 3, &c., as shown. Draw straight lines 1-1, 
2-2, 3-3, &c., and the curve sketched tangent to these lines 
will be the parabola required. In Fig. 4, each tangent is 
already divided by the verticals into four equal parts ; if 
each part be now bisected, a sufficient number of points 
will be obtained, and the lines then drawn will limit the 
ordinates without sketching in the curve. The ordinates 
in the end panels will thus terminate at m and U the mid- 
dle points of the panels, (as required by § 7, end). 

11. The shearing force in any panel is then obtained, 
for example in the panel K L, by erecting the ordinate 
Zs to the curve, at the middle point I of the panel length. 
The stress on the tie S K is then easily obtained by draw- 
ing s h^ parallel to S K, from s until it meets the horizon- 
tal line at k. The stress on the diagonal will be s k, and 
on the post S L it will be s I, to the same scale as c d or 
a e, and so for the other panels The point r under the 
middle of the panel G I, will be the last one where we 
shall find any shearing force in an upward direction on 
the right hand side of the plane of section, when the load 
extends from A to G and in the panel G I is therefore 
found the last necessary tie parallel to C L.* The remam 

* Many engineers cany the diagonals sloping one way through all of the 
panels, for practical reasons. But they arc not essential beyond. the point 
shown, and, as they do no real work, may be made as small as is thought 
desirable. 
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hitnUUtn A' F' T K' I)'. The bending moment on the truss 
U Uikitn iii ca^^h panel joint. If we pass a plane of sec- 
lion, for c'x;iriiplo one through the joint K, we shall have, 
Uiklup; mouutniH on the right of and about K, the thrust 
Oil t)i« lop chord hi the panel RS, multiplied by the 
h<^ighfy of the tru«H 11 K, as the moment of resistance to 
Indrtrirjo the bending moment produced by the external 
i'nvium. Ah the vertical R K and the diagonal S K both 
Itirfninatu at the proposed moment point or axis K, the 
KlrUHWOM along those pieces cause no moments. Similarly, 



ANALYSIS OF BRIDGE TRUSSES. 21 

taking moments round R, we have the tension on J K^ 
multiplied by R K, to balance the bending moment. 
Therefore the compression on R S equals the tension on 
J K, and the same equality is true of S C and K L, and of 
all the other portions of the chords. Of course the com- 
pression or tension is constant for a panel length. There 
is no stress on L D or A E, as these pieces are unneces- 
sary for equilibrium. The compression on the two panels 
of the top chord at the middle does not call for any 
equal tension on a panel length in the bottom chord, 
for the two ties which meet at I ax5t directly against 
each other. 

Now, as the maxima stresses on the chords occur when 
the entire span is loaded, to find the tension and com- 
pression on the bottom and top chords between any two 
adjacent diagonals which incline the same way. it is only 
necessary to take the ordinate to the parabola under the 
common panel joint of the two diagonals, multiply it by 
H from the stress diagrafia and divide by the height of the 
truss ; the result will be the required tension and com- 
pression. 

13. As we may draw the shearing diagram required for 
the solution of this case without employing a stress dia- 
gram, we may also draw the moment curve alone ; or 
better, if the truss has parallel chords, as now supposed^ 
we may draw a curve whose ordinates shall give directly 
the required tensions and compressions. For, H and the 
height of the truss being constant, these forces are direct- 



22 GRAPHICAL METHOD FOR THK 

ly proportional to the bending moment M. Call the span 
/, and the height of the truss h It is well known that 
the bending moment at the centre of a beam supported at 
both ends, and uniformly loaded with a total weight (of 
truss and load), W, is 

8 

Therefore the stress required at the centre will be — -r- 

As the bending moment varies as the ordinates to a para- 
bola, so will the value for the chord stress vary. There- 
fore compute the ordinate for the middle point of the truss 

and, through the point thus found and the two ends of the 
diameter of length ?, draw a parabola. To readily con- 
struct the required €urve, (see Fig. 5,) taking D E equal 

to /, at the middle point G lay off G F equal to -^^. 

Draw verticals through the panel joints, D H I K. Lay 
off D S = G F, and divide it into the same number of 
equal parts with D G. Draw F 0, LP, MR and N" D. 
Complete the other half of the figure, if thought desira- 
ble, in the same way. The points F, L, M, N and D will 
lie on the curve, and the stresses on the chords will be, in 
succession from the abutments to the middle, H N, I M, 
K L and G F. 

Each part of the truss which undergoes tensile stress 
should have its effective section in square inches equal to 



ANALYSIS OF BRIDGE TRUSSES. 23 

the maximum stress it must exert divided by the safe 
working stress oa the square inch. The cross-section of 
pieces in compression should be determined by Gordon's 
Formula or some similar method. The working out of 
details does not come within the scope of these pages. 
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CHAPTER II. 

SISGLE SPAX TRUSSES: ^WITH DfCXUfED CHCWDS. 

1 -L While the determination of the stresses in a truss 
with chords which are inclined or curved is not quite so 
Hmple, it involves no particular difficulty, the chords being 
considered as jointed at each intersection. Take, for 
example, the truss represented by A B C D, Fig. 6. The 
Hpan and the load are taken the same as those for the 
trass, Fig. 4, just described. The bending moment is ob 
tained as before for the truss loaded throughout its length, 
and the stress diagrams of Fig. 4 apply to this case also. 
The bending moment at any panel joint, being obtained 
from the proper ordinate of the curve A' F' I' K' D' mul- 
tiplied by H, must be divided by the height of the truss at 
the panel joint in question, and we shall then have the 
horizorUal component of the pull or thrust on the chord. 
Multiply this horizontal component by the length of the 
inclined chord in the panel and di\ide by the horizontal 
distance between the panel joints ; or, if we call the 
length, horizontally, of a panel a, and the diflFerence of 
level of the two joints in the same chord J, multiply the 
horizontal component above by 






and we shall have the stress on that piece of the chord. 
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15. To find the stress on any diagonal, such as P, 
with the load ao sketched in the figure, covering for the 
last point, we must draw the moment curve A' F' I' K' D/, 
Fig. 4. Then consider that a plane of section has been 
passed through the panel N P Q, Fig. 6. An enlarged 
view of this panel is drawn just below on the left. On 
one side of this plane, say the right hand, we have the 
vertical shearing force, the horizontal pull through Q and 
the horizontal compression which would act through N. 
On the other side of the plane we find three inclined pieces 
whose stresses must balance the rectangular components 
on the first side. 

Now, from the moment curve for the given position of 
load, Fig. 4, take N J', multiply by H, divide by N, and 
lay off the quotient, which is the horizontal stress through 
N, horizontally at vy.^ In the same way P K' . H, divi- 
ded by P Q, gives us the horizontal stress through Q, laid 
off at V X, The vertical shearing force will be the ordinate 
to Pj Fig. 4, and is plotted vertically upwards at v ti. 
Now draw np from u, parallel to N P, and limit it by a 
vertical from y ; draw o q from v, parallel to Q, till it 
meets the vertical through x ; draw the line o p, and it 
must be parallel to P, or some error in construction 
has been made. Thus we have a check on the accuracy 
of our work. By dispensing with this check it is only 
necessary to determine one' of the horizontal stresses, and 



* Diagrams I. to IV. of Fig. 6, are enlarged one and one-half times as com- 
pared with the lines obtained from Fig. 4, as shown by the attached scales. 
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then we may draw the other lines parallel to the respective 
pieces. Indeed it would be possible, by determining both 
of the horizontal stresses, to dispense with the shearing 
diagram altogether ; but it would not be advisable so to 
do. Tlie required stress on P is o^. The stresses 
on n p^ p and o q must follow one another round the 
figure, as shown by the arrows, which represent the 
actions of the pieces against the plane of section, as shown 
in the enlarged sketch of this panel, and it will be noticed 
that the horizontal projections oi n p, p o and o q balance; 
while their vertical projections are in equilibrium with the 
shear v u. 

16. It remains to find the stress on P Q. Consider the 
joint P. This joint is in equilibrium under the action of 
four forces exerted by the four pieces which meet at that 
point. These forces must form a closed polygon, and, as 
we have already determined two sides, the remaining 
ones are readily drawn. The stresses on N P and OP 
being represented by np and ojp, draw j9 g parallel to P Q 
and p r parallel to P R. The required stress on P Q is 
p q. The arrows in this quadrilateral show the direction 
of the stresses exerted on P by the several pieces, and 
they must proceed in order round the figure. The hori- 
zontal projection of the stress on PR is the same as that 
of the stress on Q, which result would be expected. 
The stresses np^ p r and o q are the ones existing in the 
pieces to which they refer for the present load ; but, as 
they are not the greatest stresses which the chord pieces 
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undergo, they are of no special value here. The maxima 
stresses were determined in § 14. 

17. The portion of the figure within the triangle t dy 
gives a graphical method for finding the horizontal com- 
ponents V X and v y without calculation. For example : 

since 

NT.H 

draw t d ^t any convenient angle with the horizontal line, 
make <?; = H; th=i ON; 5cZ = NJ' (Pig. 4) ; draw 
h V, and, parallel to b v, through d draw dy ; v y will be 
the required component. For, from similar triangles, 

hd. H 



t b : 13. :^ b d : V y =^ 



tb 



Similarly, <a=PQ;a(?=PK' (Fig. 4) ; and c x, 
drawn parallel to a v, determines v x. If c x and dy cut 
the horizontal line at favorable angles, the values o^ vx 
and V y may be thus obtained quite satisfactorily. 

18. If the moving load only extends to and includes J K, 
we construct, in the same way, diagram II., using the ordi- 
nates R G' and M' I' from Fig. 4. In this case h m runs 
below the horizontal line, but the remainder of the figure 
is similar to the one just described. It will be noticed 
that the inclinations of the chord pieces J L and K M 
now act to increase the vertical force transmitted towards 
the abutment D. The stress on any diagonal is increased 
by such an inclination of either chord as tends to make 
the height of the panel, on the side of the abutment 



28 GRAPHICAL METHOD FOR THB 

toward which the diagonal conveys its load, greater ; and 
vice versa. 

After we pass the point where the parabola for shear, 
Fig. 4, passes below the horizontal line, the vertical for 
shearing force must be drawn down from the horizontal 
line in Fig. 6. Then, taking the panel G JKI, and using 
the dotted curve of Fig. 4, we draw gj, 'i k, and i /, dia- 
gram III., exactly as before. Since gj and i k cross, we 
still have a pull on the diagonal I J, as shown by the 
arrows ; and we may also find a compression on J K, in 
case the inclination of J L does not take all of the remain- 
ing vertical force. An inspection of diagram III. will 
render this statement clear. If we advance one panel 
nearer abutment A, the moving load now being consid- 
ered to rest on A and F only, the panel F E G I will give 
us diagram IV. On attempting to find the stress on a 
diagonal from F to G, we shall see, by the necessary 
direction of the arrow on fg^ that a piece F G would 
thrust against the plane of section. As our diagonals 
are, in this example, supposed to be ties, we have passed 
the limit where those sloping in this direction are required. 
A similar set, from A to Q, will complete the truss. If 
the truss is deeper at the centre than at the ends, the effect 
of the inclination of the chords is to require more diag- 
onals sloping one way than a truss with parallel chords 
will need. A bowstring girder, jointed at panel points, 
requires diagonals throughout. 

19. The stress on any diagonal, such as P, will be 
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found to be a maximum when the load extends from the 
abutment A to the panel joint at its foot, as has been pre- 
viously stated to be the cas3 with a truss having parallel 
ciiords. If the diagonals had been struts instead of ties, 
no diffi3alty would have been experienced ; the line op 
which now slants one way would in that case have slanted 
in the opposite direction. If the load were on the top 
chord, instead of the bottom as here, in place of finding 
the stresses on P and P Q, we should find them on P 
and N ; that is : — take the vertical which meets the un- 
loaded end of the diagonal in action. The change in dia- 
gram I. would be that, instead of drawing jp r andp^, we 
should prolong o q (shown by a dotted line,) to meet the 
vertical through y, and the upper intercepted portion of 
this vertical would be the stress on N. 

By the method here given, of drawing the horizontal 
stresses on the right of the vertical line for shearing force, 
when the latter acts upward we have the stresses on the 
top and bottom chords in the relative positions of the 
pieces themselves, that is rip is over oq. The bending 
moment tends to produce convexity downwards. We 
shall, in the latter part of the book, have occasion to refer 
again to these diagrams ; the bending moment in that 
case being in the contrary direction, we shall then plot the 
horizontal stresses to the left of the vertical u v. 
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CHAPTER III. 

CONTINUOUS GIRDER OF TWO SPANS. 

20. Let us pass next to the case of a beam supported 
at two points, loaded at intervals, and overhanging one of 
the points of support. Let A I, Fig. 7, be the beam, sup- 
ported at A and B, and let the wdight of the beam be consid- 
ered as cor:icentrated with the additional loads. Draw the 
stress diagram 012, as in other cases. Commence at A', 
and draw A' C D' E' F' C V parallel to the radiating lines 
of the stress diagram, the angles occurring on the verticals 
let fall from the weights. There will be one line, parallel 
to 0-2, still to be added, and this line should be drawn 
from I' to the vertical through B, as in former cases, but 
to B', in the reverse direction. (Compare Fig. 3.) Con- 
nect A' B' and the moment diagram is complete. A line 
through 0, parallel to A' B', will divide the load line into 
(he two supporting forces. Pi at A and Po at B. 

If we lay off Pj at A, equal to A a, and then construct 
acde, etc., as was done in Fig. 3, we shall reach a point 
h under B ; now% commencing at I, lay off* I i equal to the 
weight at I, then add the weight at G, finally reaching the 
point J'. B 5 -i- B 5' must be equal and opposite to Po, 
which acts upward. Drawing the horizontal line marked 
H through 0, we find the bending moment at any point by 
multiplying H by the ordinate between the moment curve 
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and the lh:e A' B' or B' V for that point. At K', ther 
being no ordinate, the product is zero ; consequently the 
beam is not bent at K. As we pass from K' to B' and I', 
the ordinate, being below the curve, may be called nega- 
tive ; the bending moment is in the contrary direction 
over the portion K I, from that existing over A K, and it 
tends to produce convexity on the upper side of the beam, 
reversing the tension and compression on the fibres. The 
point K is called n. point of conira-Jlexure, The curvature 
of the beam is shown, to an exaggerated scale, by the 
dotted line A L B M. 

In case the beam overhangs both points of support we 
may have two points of contra-flexure ; but the over- 
hanging portions may have sufficient weight to cause con- 
vexity upwards over all the intermediate portion, when 
the line corresponding to A' B' will pass entirely below 
the curve and there will be no points of contra-flexure. 
If the two points of support are brought together into one 
point, and the two overhanging portions balance each 
other, we have the case of a pivot or swing bridge when 
open. This case will be further considered in the sequel. 

21. If we next turn our attention to a girder continu- 
ous over two spans, the simplest case of which is a beam 
resting on three supports, we shall find that a partial solu- 
tion of the problem by mathematical calculation is attend- 
ed with considerable difficulty, and that a complete solution 
for the bending moment and shearing force at every sec- 
tion, under moving, partial and irregular loads, taxes the 
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powers of the best mathematicians and is well nigh impos- 
sible, on account of the complexity of the formulae, so far 
as any practical application of them by the engineer is 
coucerned. Where each span has a uniform load over its 
whole extent, although different spans may have loads of 
the same or different intensities, Clapeyron's '' Formula of 
the Three Moments" will readily give us the moments 
over the piers for a continuous girder, and hence we can 
obtain the moments at other points ; and, if the beams arc 
symmetrically loaded, or so loaded as to be horizontal over 
the piers, the investigations are not difficult and can be 
found in most text-books treating of the flexure of beams, 
liut no book in common use gives us any method for de- 
termining the shearing stress under a partial load, a deter- 
mination which is necessary before the bracing can be 
correctly proportioned. 

We propose now to develop a graphical method which 
will be readily applicable to all cases of continuous gird- 
ers, under discontinuous and moving loads, and by which 
we can as easily determine the maxima stresses on the 
chords and bracing of any truss, loaded in any manner, as 
we have done for single spans in the preceding pages.^ The 
diagrams will show, what might have been expected from 
analogy, that the maxima stresses on the chords of con- 
tinuous girders occur when one or more spans are fully 
loaded, and the maximum stress on a brace occurs when 
the moving load covers one of the segments into which the 
piece under consideration divides the span ; but, in both 
cases, the stresses in one span are very materially altered 
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by the presence or absence of a load on the adjacent 
spans. 

22. Suppose that we have a beam, as represented in 
Fig. 10, supported on two abutments, A and C, and di- 
vided by the pier at B into two unequal spans. Its own 
weight is uniformly distributed, and it carries, in addition, 
a uniformly distributed load of twice the intensity from 
C to D and also from E to F. Divide the two spans into 
convenient parts, equal or unequal (here taken equal), 
and consider the load to be concentrated at the points 
of division. Draw verticals through these points, and, 
having constructed the load line and stress diagram 012, 
draw the moment curve between C and A', as in previous 
examples. The loads at A and C are neglected, and are 
represented by the portions of the load line which project 
at 1 and 2 ; since B carries a load, the vertical through B 
will determine one of the angles of the moment line, in 
the same way as any other loaded point. 

To complete the construction we must draw A' B' and 
C B'. We know that B' must he below the curve (for 
we have a negative moment of flexure over B) , and we 
usually have two points of contra-flexure, where A'B' 
and C'B' cut the curve. We must have, further, some 
condition to limit the position of B', since there is mani- 
festly but one correct value for the moment of flexure 
over the pier for a given position of the load. As no 
bending moment exists at A, A' B' must start from A' ; 
and, similarly, C B' is drawn through C. 
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23. From the bending moment there arises in the beam 
a change of inclination at successive points, and a deflec- 
tion, eiiher positive or negative, of all portions of the beam 
from the original horizontal line. For the bending mo- 
ment at any point, being opposed by the moment of resist- 
ance of the beam, causes an elongation and compression 
of the fibres on opposite sides of the beam, proportional 
to the bending moment. This elongation and compres- 
sion causes (see Fig. 8) a change of direction of the 
centre line of the beam, in a vertical plane, at that point. 
Therefore the change of direction or inclination at any 
point is proportional to the bending moment at that pointy 
or to the ordinate between the moment curve and the 
straight line, (as A' B', Fig. 10), and the total change of 
inclination between any two points is proportional to the 
sum of all the bending moments between those points, or 
to the area included between the moment curve, the straight 
line from the abutment to the pier and the two limiting 
ordinates under the points. 

By reference to Fig. 8, we can see the change of incli- 
nation produced in the beam at A, by the elongation of 
the upper fibres at that point and the compression of the 
lower ones. We can also see the effect of successive 
changes of inclination, at B, C and D, in altering the direc- 
tion of the beam, and we must note that the changes of 
inclination at E, F, &c., produced by bending moments in 
the opposite direction, tend to bring the beam back to- 
wards its original direction. Consequently, the change of 
inclination between any two points is proportional to the 
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algebraic sum of all the ordinates to the moment curve 
between those points ; and, in Fig. 10, supposing C B' 
and B' A' to be correctly placed, if we cut off an area 
from G' towards B', equal to the area between A' and G', 
the centre line of the beam, at the point vertically over 
the dividing ordinate just drawn, will have its tangent 
parallel to the tangent at A. If we know any point where 
the beam is horizontal, we can thus find the other points 
where it is horizontal ; but the determination of this ques- 
tion is not material to our problem. 

24. The deflection of any point of a beam from the 
original line depends upon the changes of inclination and 
the distances of the points at which they occur from the 
first point. Thus, if the originally straight stick a g^ Fig. 
9, is bent at a, the point g will be carried to a point on the 
line al^ the distance through which it is displaced de- 
pending upon the angle at a and the distance ag ; if 
another angle is made at 5, the point g will now be found 
on h ^, and, on a further bending at c, it will move to the 
direction c h. The changes of inclination at e?, e and /, in 
the contrary direction, will carry the point which was 
originally at^, through die, em, fg, finally back again to 
g. (The deflections of all beams and trusses are so small 
that the curved line of a beam under a load is always con- 
sidered practically equal in length to the horizontal dis- 
tance between the two points of support.) 

We see, then, that the position of a point D, Fig. 10, in 
a beam under flexure, in reference to some point, such as 
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C, as origin, and from a tangent to the beam through 
that origin, depends upon the successive changes of inch- 
nation between the two points and the distances from the 
point D at which they occur, regard being paid to the 
direction of the change of inclination. Then, as each 
change of inclination is proportional to the ordinate to 
the moment curve, the deflection of a point from a tan- 
gent through the origin is proportional to the sum of the 
products of each ordinate into its distance from the point 
in question ; or, as the horizontal distances are the pro- 
portional projections of the distances on the tangent, and 
as the sum of each ordinate multiplied by its horizontal 
distance from D is the same thing as the area between 
C and D' multiplied by the distance of its centre of gravity 
horizontally from D', the deflection of J) from the tangent 
through is proportional to the area O D^ multiplied hy the 
horizontal distance of its centre of gravity from the vertical 

4 

ihrovgh D. Then, if CL is the tangent through C, the de- 
flections of the points B and A, with reference to C, will 
be proportional to B K and A L, or, from the similarity 
of triangles, to B C and A C, two known quantities. 

26. Therefore the two lines A'B' and C'B' must be 
drawn to a point B', so situated that (denoting the centres 
of gravity of the respective areas by a, 5, c and d), the 
areas 

aV'D^de — 'K'W^'.ci BC. 

O'F D' . df— K'D'B' . ch — K'B' Q' .bh-]- A' ¥' Q' . ag ~ A C 

All of these quantities are readily measured and com- 






ANALYSIS OF BBIDGE TRUSSES. 37 

puted, as will soon be shown ; therefore we may draw 
A' B' and C B' as trial lines, as near the right position as 
we can, and then compute the first ratio. If it does not 
equal the second ratio, move B' and try again ; a second 
approximation will generally be suflBcient. Call any area, 
as above, multiplied by its distance from a certain point, 
an area moment 

We maj^, with advantage, modify a little the applicar 
tion of our method, and so obtain a rule more easily re- 
membered and used. Draw the tangent M B N to the 
beam at B. It is evident that NC:MA = BC:BA. 
Then, from the preceding reasoning, make 

area Q' V D' . dl — 'Kf'D' B' , ck _ BjCT 
area K' B' G' . i^ A — A' F G' . agf ~ BA' 

The deflection M A being on the opposite side of the 
tangent from N C, the similar areas in the above propor- 
tion are taken with the opposite signs ; that is, K' D' B' 
being taken minus in the first term, K' B' G' is taken plus 
in the second, and so of the others. Or we may consider 
the distances to the right of B plus, and those to the left 

minus. 

It is evident that there is but one position of B' which 
will satisfy the condition ; for, if B' is carried still further 
below K', the first term of the proportion is diminished 
and the second term is increased, while, if B' is raised, the 
reverse takes place. 

26. Another demonstration of the above theorem, which 
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is brief and which may be more satisfactory to some 
mathematical minds, is as follows : — 

Let M denote the bending moment at any point of a 
beam, supported in any way ; let E denote the modulus 
of elasticity of the material and I the moment of inertia 
of the cross-section. Let the originally straight horizon- 
tal line of the beam be the axis of a?, and let y be measured 
vertically. M will be a function of a?. Let r.= radius of 
curvature at any point. Then we may write the well- 
known equation for the curvature 

1 d^y M 



r dx^ EI 



If we integrate this expression once, considering I con- 
stant, we have 



dy 
dx 



1 p 

= :=7^ I M.dx = fan. inclin. = inclination when small. 



If we could determine the constant of integration, we 
could find the inclination of the beam to the horizon at 
each point. But^ if we integrate from to a?, the origin 
being taken at one of the points of support, say C, Fig. 
10, we get a complete integral, — ^the area included be- 
tween the moment curve and the straight line, — but one 
expressing only the change of inclination from the inclina- 
tion already existing at C, or the inclination of the tan- 
gent at any point to the line C L. 

Integrating again, we have 



y = =p= / / M.dx^ = deflection. 
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This integral is a volume, and, taken between limits as 
before, is the summation of each area from to x, into a 

height dx, giving a cone with a base =J Mdx and a 
height x] or it is otherwise equal to the areay M dx mul- 
tiplied by the distance of its centre of gravity from the 
point whose abscissa is x, I is here considered constant, 
and may be so taken in most trusses. If I varies, it will 
be expressed in terms of x and introduced within the in- 
tegral sign. 

27. The areas are readily measured by scaling the suc- 
cessive ordinates and multiplying by the constant distance 
between two ordinates, as is done in calculating the con- 
tents of any irregular area by offsets. If the verticals are 
not too far apart, the areas are practically parabolic seg- 
ments, triangles, and combinations of the two. The 
centre of gravity of a parabolic segment, such as C D' P', 
is at J, half way horizontally between C and D'. The 
centre of gravity of any triangle whose base i« vertical, is 
on a vertical line one-third of the horizontal distance from 
the base to the vertex. If we connect G' and K' by a 
straight line, the area G'K' B' will be found to be the dif- 
ference between a triangle and a parabolic segment, and 
the moments of these areas about A' h may be computed 
separately. Similarly, if an area is partly bounded by 
portions of two different parabolas, the common point of 
the two parabolas may be connected with the extreme 
points of the area, and it will be thus divided into a tri- 
angle and two parabolic segments. It may be unnecessary 
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to remark that any area may be divided into a number of 
parts, the respective centres of gravity found, and then 
the area moments of these parts calculated and combined, 
with the same result as if the area had been treated as a 
whole. 

28. If the two spans are e<i\iB\ the ratio of the area mo- 
merits becomes an equality. 

When we have finally determined the position of A' B' 
and C B' for the given load and distribution of the same, 
we have, as in single spans, the bending moment at 
each point by taking the proper ordinate and multiplying 
by H from the stress diagram. Now, upon drawing from 
two lines, 04 and 05, parallel to B' C and A'B', we 
shall divide the load line into three portions which are : 
1-4 the supporting force at C, 4-5 the supporting force at 
B, and 5-2 the supporting force at A. The beam, as now 
loaded, has two points of contra-flexure, at D arid Q. It 
may happen that, when one of the spans is much longer 
and more heavily loaded than the other, the point of con- 
tra-flexure, 6', on the shorter span, moving towards the 
outer end, may finally pass off altogether. As G' moves 
towards A', the point 5 will approach 3, and, when G' 
reaches A' and disappears, 5 will pass beyond 3. There 
will still be some slight pressure on the abutment^ 
although the span A B will be convex upward throughout 
its whole extent ; and the end of the beam will not rise from 
the abutment A until it is found necessary, in order to 
satisfy the condition of proportionality of area moments, to 
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SO draw A' B- that Its parallel, 0-5, passes entirely outside 
of the end 2 of the load line. As soon as this occurs, the 
beam must be treated as one resting on two supports and 
overhanging at one end, § 20, Fig. 7. 

Finally, lay off Pi and P3, at m n and t s, draw the in- 
clined lines, as was done in Fig. 4, steeper where the load 
is more intense, and, finding that^ ^ .j-^ r = Pg, we know 
that our shear diagram is complete.* Then the ordinates 
between m t and the lines just drawn give the shearing 
forces at all points. 

If the load shifts its position, we may draw a new mo- 
ment curve and then complete the diagram ; but we shall 
presently show that a law holds for two continuous spans 
similar to the one advanced for a single span. 

29. Before proceeding farther we will show that it is 
possible, without extra work, to determine the position 
of B' and eliminate approximations. We will illustrate 
by a simple example ; the proof made use of can h6 
extended to any case. Let a beam of two spans, c and d, 
Fig. 11, have a single load on each span. The moment 

curve will be similar to A C D B> the one represented. 
Let us suppose, for an instant, that there is no bending 
moment over the pier. Then drawing A I and I B we 
should complete our figure, and, calling the area of the 
triangle ACI= A, of IDB =^B, and the distances of 
the centres of gravity of these triangles, from the verticals 



Perhaps it would have been better to lay oflis below t 
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through A and B, respectively a and b, we ought to have 
the proportion "~ = ~. Since a bending moment over 

the pier does exist, this equation will not be true. Then 
change the lines A I and I B to A E and B B, moving on 
the vertical a distance I E = a?. 

We now have the area moments on one side pro- 
portioned to the area moments on the other, as c to d. 
But the area moments on the left are equivalent to 

2 
Aa — AIE-c, 

o 

^ being the distance of the centre of gravity of A I E 
from the abutment vertical. Also the area of A IE is 



ex 



2 A similar relation exists on the right. Therefore 
we may state our proportion as follows : 

ex 2 
Bh^ — .jd 

Everything here being known except x, we obtain the 
distance which B' (Pig. 10,) should be below K', when c 
and d denote the spans, A and B the areas A' F' K' and 
K' P' C, and a and b the lever arms of their respective 
centred of gravity, 



^{Aa.d + Bhc) 3 /Aa . Bb 

cd{o -^ d) c -j- d\ c d 

If c = d, a5 = r-^ (Aa + Bb). 



) 
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Thus we can readily determine the position of B', and 
thence the rest of the construction follows simply. 

There is no failure when the beam happens to be hori- 
zontal over the pier B, for then M A and N C are each 
zero, and therefore area C P' W. d 1= area K' B' D'. c k, 
orK'B'G'. 5A = A'FG'. a^. 

If great accuracy is not required, and, in any case, after 
a little practice, one can determine the positions of the 
centres of gravity, and hence the area moments, without 
dividing the areas into simpler portions. 

The curves of the two spans might be constructed sep- 
arately, as we should do for detached spans ; but, in this 
case, we must have the same value of H for both curves, 
and they must coincide on the vertical through the cen- 
tre pier. Therefore, in drawing the curves, we could 
start from K', or any other point on the centre vertical, 
and work each way. Indeed, the curves might cross the 
horizontal line through C, and can be transferred, at any 
time, if desired, to that line, by measuring oJBF ordinates, 
either above or below it, so that A' B' and B' C shall coin- 
cide with or become the horizontal line. Most authors 
who show any moment curves for girders draw them in 
this way. The construction of the curve for each girder 
by a separate stress diagram will be shown presently, in 
an example of four continuous spans. 

30. If we are dealing with a continuous girder of two 
spans, we can find the bending moment over the centre 
pier, when each span is loaded throughout its whoh extentj 
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with either the same or a diflferent weight per foot run, 
by means of what is known as *' Clapeyron's Formula," or 
the ** Theorem of the Three Moments." This formula, as 
applied to two spans, resting on abutments at their ex- 
treme ends, but continuous over the pier, is — the bending 
moment 



M = 



8 (/, + /«) 8 (k + h) 



in which w denotes the weight per foot run, I the span in 
feet, W the weight of span and load, and the subscript 
numbers apply to the two spans. Dividing M by H from 
the stress diagram, in the same units of weight in which 
w was taken, we shall have the length in feet of the ordi- 
nate below the moment curve at the vertical from the 
pier. This formula only applies when each span is uni- 
formly haded, 

31. Let us now make practical application of this 
method to a truss of two spans, one of 80 feet and the 
other of 100 feet, represented in Fig. 12, continuous over 
the pier. Let each truss weigh 2i tons per panel of ten 
feet, or 500 lbs. per foot, and let the rolling load be 1,000 
lbs. per foot of one truss, or one ton per foot for the 
bridge. A panel weight for one truss will be, maximum 
7h tons, minimum 21 tons. 

Take 1-2 =135 tons, the weight of both spans when 
fully loaded ; divide 1-2 into portions of 7h tons, with end 
portions at 1 and 2 of 3f tons at A and C. Take a point 
0, preferably opposite the middle of 1-2, and at a distance 
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in this fic^ure of 50 tons. Since the tru^s is drawn as 12i 
feet high, it will simply be necessary to multiply the ordi- 
nates to the moment curves by/ot/r, to obtain the stresses 
on the chords, and this can be done, without multiplica- 
tion, by measuring the ordinates by the proper scale. 
Leave out the end portions of 3j tons which come directly 
upon the abutments, and, commencing at A', draw the 
moment curve A' M C parallel to the several lines con- 
necting with the points of division of the load line. 
Only the extreme lines radiating from are drawn , as the 
remainder would only confuse the figure and tend to ren- 
der the point uncertain. Now calculate M B', either by 
the formula for determining x or by Clapeyron's formula, 
by which we have 

^^ -yo - 50 . 8 (80 + 100) - ^^-^^ ^*- 

Draw A'B' and B'C. The figure A' M C B' encloses 
the ordinates for bending moment when both spans are 
fully loaded. Draw 0-3 and 0-4 parallel to B' C and 
B' A' ; lay oJBF 2-3 at c (? and 1-4 at a e ; draw df and eg at 
an inclination of 7i tons to a panel, and the figure 
cdfgeaho encloses the ordinates for shearing force when 
both spans are fully loaded. The supporting force at the 
pier =ihf'\'hg. The detailed reasons for these construc- 
tions can be readily deduced from the case, before given, 
of a single span, 

Next, remove all of the rolling load from A B, includ- 
ing, in this figure, the load on B ; the load line will extend 
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from 2 to 5, and thfe extreme radiating lines are also 
drawn here. Use the moment curve CM, and add the 
part from M to A''. Find M B'' as M B- was found, sim- 
ply changing 1.80^0 i.80^ and draw A"B" and B"C'. 
Find anew the supporting forces, and lay off c A and a h ; 
draw li i at an inclination of 7 3 tons to a panel, and ^ ? at 
an inclination of 2 3 tons to a panel, completing the shear- 
ing diagram for this position of the load. 

Next, remove the remaining portion of the rolling load 
from the span B C ; and now take the portion of the load 
line from 5 to 6. As the part A'' M of the moment curve 
applies to the first span, add the portion M C", and, finding 
B*"^, complete the figure. M B'"^ will be, in this case^ ex- 
actly one-third of M B'. The lines limiting the ordinates 
in the diagram of shearing force will be rn n and p q. 
We also take the curve A'M C", which represents the 
case of the shorter span covered with the rolling load, not 
including the point B, and the longer span unloaded, and, 
determining A' B'" and B'" C, find the supporting forces 
and thence the lines V 5 and i w. 

Each one of the moment curves might have been 
drawn independently ; but, by the method here carried 
out, of passing them all through the point M, two com- 
plete curves have sufficed for four different positions of 
moving load ; and, in any case of girders with horizon- 
tal chords, these two curves are sufficient. The two 
curves might have passed through M without coinciding 
for one panel as in this figure, in which case the point 
B would have been relieved of one half of its rolling 
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load when one truss was unloaded, and some readers 
may prefer such a treatment. We should then require 
a new spacing of the load line. 

■ The moment curve M D' on the right and the dotted 
lines for shearing force apply to the particular cases 
where the span froni to D has upon it no moving 
load, the load for one set of lines covering B D alone, 
and for the other set extending from A to D. In the 
first case the required point on the centre vertical was 
found to be just below B'", as drawn, and in the second 
case a little below B". The light dotted lines from A'' to 
M, C to M, W to M, and from M and D' to E, show the 
different areas used in finding the different values of x. 
In the diagram for shearing force, yv to and the dotted 
line between q p and k I are the limiting lines for the or- 
dinates for a moving load over B D alone, while xzg and 
the dotted Une between t u and e g determine the shearing 
ordinates for a moving load over A D. 

32. A little study of the curves for bending moment, 
both those drawn for the partial and those for the com- 
plete load, will show that, for the given intensities of load, 
all the possible curves, if drawn to pass through M, will 
lie between M A' and M A" on the one side and M C and 
M C" on the other : also, that the maximum bending 
moment which tends to make the truss concave upwards 
occurs when one span is fully loaded, the other being at 
the same time without travelling load. This fact might 
be anticipated, since the addition of a load on one span 



48 GBAPHICAL METHOD FOR THE 

will tend to diminish the deflection of points on the other. 
Since the worst bending moment over the pier must occur 
when both spans carry their heaviest loads, it is evident 
that M B' is the longest ordinate for the point B ; con- 
versely, M B'^ must be the shortest ordinate, as the curve 
to which it relates represents the lightest possible load. 
All values of x will therefore lie between M B' and 
MB^. ' 

As A' M C and A" M C" are the limiting curves, we 
have also the extreme deviations of the points of contra- 
flexure, and, from the positions of these points, can readily 
determine the portion of each chord subject to tension 
alone, to compression alone, and the portion which has to 
be designed to withstand both stresses, as the load shifts 
its position. It will be noticed that the point of contra- 
flexure for the 100 ft. span shifts from the second panel 
from B, when only that span carries the moving load, to 
the fourth panel from B, when only the other span is fully 
loaded ; while, for the 80 ft. span, the point of con- 
tra-flexure shifts frcm the second panel from B to the 
seventh panel from B under similar variations of load. 
The influence of the longer span on the shorter is very 
marked, as, when the longer one is fully loaded, the un- 
loaded span presses at A with only the weight represented 
by a ^. A check on the accuracy of construction is found 
in the fact that, when both spans are loaded and both un- 
loaded, the points of contra-flexure occur at the same 
place. For a truss with parallel chords we require simply 
the curves A' M C and A'' M C", combined, as has been 
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done here, with the lines which meet at B', B", B''' and 

33. Let us now discuss the diagram for shearing force. 
In the first place, the dotted lines in the stress diagram 
are the ones drawn parallel to those diverging from the 
pier vertical in the moment diagram, and thus we deter- 
mined the points marked k, q, e, t, r, m, a?, etc. 

We shall get the most pressure on the abutment C 
when B C is loaded and A B is not ; the supporting force 
is then c h, and the shear on the two spans will be given 
by ordinates, at the middle of each panel, to the lines h i 
and Ik. If the load extends over both spans, the sup- 
porting force falls to c(7, and we determine the shear by 
drawing d f and eg. If- neither span has any rolling load 
upon it, we find the pressure at C to be cm^ and we then 
draw m n and p q ; finally, if A B alone carries the rolling 
load, the pressure at C becomes cr, and the shearing dia- 
gram will be completed by the lines r s and t u. 

Again : if the rolling load, at first extending entirely 
from A to C, moves off from the portion C D, the support- 
ing force at C diminishes from cd to ex, and the shear will 
be given by ordinates to the Imes xzg, etc., the point 2 
occurring in the first lightly loaded panel D. If the 
rolling load covers B D, but the part on A B is supposed 
to be removed, the supporting force at C will immediately 
increase to c y, and the bounding lines for the ordinates 
will now he y V Wj etc. As it is manifest that h i and mn 
are the limiting lines for the extreme cases of load over 
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B C alone ai\d load over neither span, and as the load may 
cover any number of panels, from one to ten, from B to- 
wards C, the lines similar to yvw, for the different posi- 
tions of the load, will shift between h i and m n, and the 
point V will move on a curve, found to be a parabola, 
from the middle of one end panel to the middle of the 
other in the span B C. The ordinate to this curve will 
give the maximum possible shear in any panel for a load 
advancing from B. At the same time the line for the un- 
loaded span moves between k I and p q. Draw the para- 
bola wz? A by § 10, commencing in the middle of the end 
panels. 

If a load had advanced from A, over A B, and then ex- 
tended from B towards 0, we should have obtained, by 
exactly the same reasoning, a parabola, traced by the 
point 2, on the tangents df and r s. As the ordinates to 
this parabola, above the line b Cj are less than those to 
h V w, the latter only need be considered. 

If a rolling load advances from C, the span A B being 
unloaded, the pressure at increases from cm to ch, and 
the different limiting lines for shear will move between 
h i and m n ; but, as the inclinations of the lines which cor- 
respond Xo yv and v w will be reversed, since C D now is 
loaded and B D is not, the pointy at the angle will, like r, 
trace a parabola, from the middle of the panel near m to 
the one at z. of the opposite curvature. If, at the same 
time, A B is loaded and a load advances from C towards 
B, we find the parabola drawn in the figure from r to/. 
As this one includes the former, it is the only one needed. 
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While the load is shifted as above, the line in the othei* 
span vibrates between the parallels k I and p q in the one 
case, ov iu and e g in the other. 

34. The tvro parabolas A v n and y* / f then limit ail the 
ordinates for shearing force in this span, for every posi- 
tion of moving load, the portion of the parabola hviv 
which lies above h c giving the maximum shearing stress 
upwards, and requiring diagonals sloping one way, de- 
pending upon whether the tri^ss has ties or struts for di- 
agonals, and the part of r^/ which lies below he giving 
the maximum shearing stress downwards, and requiring 
braces sloping in the opposite direction. Upwards and 
downwards are relative terms^ and are used on the sup- 
position that the shear is taken on the right of the plane 
of section as shown in Fig. 6, enlarged view of panel 
N Q P. A similar construction supplies the required 
parabolas for the span A B, and thus all possible posi- 
tions of the travelling load are provided for. It will be 
noticed how the counterbracing is shifted from the middle 
of the spans towards the free ends. 

The desire to have the diagrams clear, while they are 
on so small a scale, forbids the drawing of moment curves 
and lines of shear for various positions of jthe load ; but, 
if the reader will construct a figure for himself, with the 
load shifted, panel by panel, for a few panels, he will per- 
haps more readily see the truth of the statements here 
made as to the limiting values of bending moment and 
shearing force. Our object lias been to set forth the 
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method to be pursued in designing a series of trusses by 
diagrams, and to explain sufficiently at length to enable 
any one using the method to satisfy himself of its appli- 
cability. 

The two tangents 7n n and ft? must intcr^jot on 6 c, as 
they apply to the cases of uniform loads over both spans, 
and the usual relations between maxima and minima 
bending moments and shearing forces must also hold 
good. The dififerent parts of the chords under different 
stresses, determined by the limiting positions of the 
points of contra-flexure, are shown in the figure, the por- 
tions always in tension being drawn with fine lines, the 
portions always in compression being represented by 
heavy lines, and those portions liable to undergo both 
stresses having double lines. 

35. Remember, that, while the full lines in this figure 
"show all of the curves and diagrams required for a full 
discussion of a continuous girder with horizontal chords, u 
truss with curved or inclined chords necessitates the use 
of a moment curve for each position of the load, to be 
combined with the shearing diagram, as explained in § 15. 
Also, Clapeyron's formula can be applied only when each 
span has some uniform load throughout its extent; when 
the load is partial or is irregularly distributed, find x by 
§ 29. Fin(^. the stresses on the diagonals and verticals by 
§ 11 or § 15, as the case may be. 

If the two spans are equal, the number of lines becomes 
Jess, as B" and B'" will coincide, and only the shearing 
diagram for one span need be drawn. 
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CHAPTER IT. 

CONTINUOUS GIRDER. OF MANY SPANS. 

36. This graphical method is perfectly applicable to 
continuous girders, having any number of spans, of any 
lengths, and loaded in any manner. The example which 
we have chosen, soe Fig. 13, shows four spans, of succes- 
sively 80, 100, 50 and 40 feet, loaded as represented, with 
a load of the same intensity as given in the previous ex- 
ample, viz. :— from L to M and N to P, travelling load of 
five tons per panel, and steady load throughout,- from A 
to E, of two and one half tons per panel. 

To prevent the load line and stress diagram from occu- 
pying too much space, as well as to show the perfect 
practicability of drawing separate moment curves for each 
span, as we should do for single trusses, we have laid off 
the load lines of the longer spans independentlj% but have 
taken the §amo value for H in all of the diagrams, and 
this must ho done. The stress diagram for the 80 ft. span 
is 012 ; the marks of division show the weights on the 
respective panel joints. Starting from A', draw the mo- 
ment curve for this span, terminating at B'. From B' 
draw' the moment curve for the 100 ft. span, by lines 
parallel to those which would complete the stress diagram 
0' 34, 3-4 being the load on this span, the curve ending 
at C^ As the last two spans are short, draw 5-6 equal to 
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the load on both spans, and then construct C'D'E', as has 
been done in previous examples. Now draw A' B', B' C, 
C D' and D' E'. Compute the areas between each of these 
lines and the respective moment curves, and determine 
the position of the centre of gravity of each area. Those 
areas which are not simple parabolic segmetits can be 
divided, .as je:xplained in § 27. 

37. Now we liave to determine, in the same way as we 
.found X for two spans, the distances a?, y and z, or B' F, 
C G and D' I, the ordinates at the piers, required to com- 
plete the diagram for bending moments. Let the spans, 
commencing with A B, be Z^, ?j, 1^, I^. Let the areas be 
represented by A, B, C and D. Let the distance of the 
centre of gravity of A horizontally from A be a, and from 
B be a' ; let b and W, O and c',d and d' denote the simi- 
lar distances for B, O and D from the verticals on their 
left and right. 

Then, considering the two spans A B and B C, we must 
have, (see § 29,) 

A "^ 7* A *^ 7** 

o' »„ , „. = r (1) 



B'FC'.|-/.+ FC'G.i^-Bb' ^^+ ^ /|-Bb' '' 



or ;t-— ^ =r ('2) 



2 • 3 '• "*■ 2 • JT '' "" ^^^ ~li~'' ~ ^° 
Oc-.^.g/;- g.g-/; Co ^^ K j^ 

or ;; = .- (3.) 



|.|?5-rd' |ri-pd' '' 
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Equations (1.) (2.) and (3.) may be reduced to 



{I. + Wo: + ^2^=3 (^4- -y) (4.) 



h ., ,v h ^ /Bb Cc'\ 



(5.) 



/Co I)d'\ 

2/+ a + M^ = 3^^ 4-^) (6.) 



These equations may be extended to any number of 
spans by commencing with (4.), ending with one like (6.), 
and writing similar equations to (5.) a suflBcient number 
of times to make in all one less equations than the num- 
ber of spans. If /«=?j=/c, etc., the equations simplify a 
little. 

To show that no difficulty exists in the solution of the 
above equations, apply them to the above case, and, since 
the second members are known quantities, denote them 
by P, Q and R. Then 

180 a; + 50 2/ = P (7.) 

50 a; + 160 y + 25 z == Q (8.) 
25 2/ + 90 z = E. (9.) Multiply (8) by 3.6 

180 a; + 540 2/ 4- 90 z = 3.6 Q. Subtract (9.) 

180 05 4- 515 t/ = 3.6 Q - R. Subtract (7.) 

465 2/ = 3.6 Q - R - P 

_ 3.6 Q - R - P 
^~ 465 

Substitute in (7.) and find x ; then in (9.) and find z. 

38. In the practical solution of this example, with the 
given load distributed as shown in Fig. 13, we meet with 
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one peculiar result : the value of z is found to be minus, 
that is D' I must be measured off from D^ upwards. This 
fact shows that there is no point of contra-flexure on the 
forty feet span, and no negative moment over the pier D. 
The load on the 100 ft. span has a tendency to lift the 
bridge off from the pier at D, and consequently the pres- 
sure there will be found to be small. If the point I had 
come on the straight line joining G and E\ the bridge 
would have been lifted entirely clear of the pier D, and, if 
I had come above the line GE', another solution would 
have been required with the pier D considered as re- 
moved, making C E one span, or else the truss would have 
required bolting down at D. 

39. Having drawn A' F, F G, GI and IE', draw, in 
the respective stress diagrams, lines 7, 0' 8, 0" 9 and 0'' 
10, parallel tq them, cutting off the supporting forces ou 
the several piers arising from each truss, and then com- 
plete the diagrams for shearing force. We shall find that, 
by drawing the stress diagrams separately, as has here 
been done, we get the supporting force on any pier, carry- 
ing the ends of two spans, in two portions, one belonging 
to each span ; and hence the point of termination of the 
line for shearing force on the vertical through the pier is 
at once known. Thus 1-7 equals ap and 7-2 gives. 5/, 
3-8 gives 5 m and 8-4 determines c^. The pressure on 
B is 5/+ 5 m. Notice that, as di and dh come on oppo- 
site sides of c?, the pressure on D,, with ,this load, is 
dh — di. 
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40. If a continuous girder of several spans is to be 
completely discussed, Clapeyron's formula may be usefully 
applied to the determination of bending moments over 
the piers, subject always to the restriction of uniformity of 
load; as before remarked. Denoting the bending mo- 
ments at successive points of support by Mo, Mi, Mg, etc. ; 
the spans by Zi, 4, 4, etc., in feet, and the respective loads 
per foot by w^ w^^ w^, etc., we muy write this formula : 

Mo^ + 2Mi {I, + I,) + MJ, = i {wj,^ + w,h% 

M,/^ + 2 M3 (h + h) + Ms?, = i {wj^^ 4- Wa'), 
etc., etc. 

We have in all one less equations than there are spans. 
As the ends of the girder are usually free, tjiere will be 
no bonding moments at the two abutments, or, for n spans, 
Mq and Mn will equal zero, and there will be left n — 1 

« 

unknown bending moments to be determined^ from n — 1 
equations. 
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CHAPTER V. 

PIVOT JISmG&^ OTt DRAW SPANS. 

41. Having shown the method of treatment for the 
fixed spans of a bridge, either continuous or discontinuous 
over the piers, we wish to complete the investigation by 
discussing what is called the draw span. This 6pau u ca- 
pable of being turned horizontally on a pivot at its middle, 
so as to open two channels, one on cither sid6 of the cen- 
tre pier, for the passage of vessels. When it is open, it 
acts as two beams or trusses, each fixed and horizontal at 
one end, with a uniform load, arising from its own weight, 
over its whole extent. The two portions are usually, 
though not necessarily, equal in length, and they balance 
on the pivot and turntable. When the draw is closed, it 
may be elevated by cams or wedges under the free ends 
CO as to bring a greater or less pressure upon those piers, 
or it may simply swing over its wall plates or seats, with- 
out practically pressing on the piers until a travelling 
load comes upon it, or finally it may be secured by hori- 
zontal locking bolts, so arranged that, while they do not 
bring the draw any more closely in contact with the wall 
plates, they prevent one end from rising from its seat 
when the travelling load first comes upon the other end. 

42. We have, then, several cases with which to deal. 
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Ist. If the pivot or draw span is supported at its^nds, 
when closed, so that the moment over the centre pier is 
the same as exists in a continuous girder of two equal 
spans, (in wluch case it is necessary that each end support 
shall carry, when there is no travelling load on the draw, 
three eighths of the weight of one span,) the draw, when 
closed, will be circumstanced precisely like a continuous 
girder of two equal spans. To obtain the required 
amount of supporting force it is necessary to provide lift- 
ing cams with powerful leverage, or to use hydraulic 
jacks. If then we draw our diagrams for two equal con- 
tinuous spans as described before, we have only to add 
the moment curve and diagram for shearing force for the 
draw opeii. A consideration of the method given for a 
beam overhanging at one end, will show the construction 
ii] this case. Here the beam overhangs at both ends, and 
the two supports have become united in one, the beam 
balancing upon it. 

43. Construct, if it has not already been done, the 
moment curve for the truss loaded with its own weight. 
Remember that the end joints each carry one-half of a 
panel weight. Therefore, from the points where the mo- 
ment curve cuts the verticals from the extreme ends of 
the draw, draw lines parallel to hnes in the stress diagram 
from to the extreme ends of the load line, and these 
lines must cut the vertical from the centre pier in the 
same point. By reference to Fig. 14, we can see that the 
draw when open is in the condition of the beam A. B C, if 
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the abutments A and B are removed. The moment curve 
will be A' E' C, and A' B' and B' C are tangents to the 
curve at its extremities. The ordinates to the moment 
curve, thus intercepted, will be, when multiplied by H, 
the bending moments at the joints. 

Draw lines from the extremities a and c of the base line 
for shearing force to a point J, on the centre vertical, 
below the base line a distance equal to the weight of one 
span, or one-half of the lo^d line, and the ordinates at the 
middle of the panels will show the shearing force when 
the draw is open. 

The diagrams for this case are thus completed ; that is, 
these lines just described are to be added to the curves, 
etc., required for two equal continuous spans. When the 
draw is open, there will bo tension throughout the top 
chord and compression throughout the bottom chord, and 
braces will be required, all sloping one way, from the 
centre to the end. The stresses when the draw is closed, 
and the direction of the braces required, will be as stated 

in §§ 32, 34. If the supporting forces at the ends exceed 

» 

or fall short of the amount before stated, three eighths of 
the weight of one span, the case requires a different treat- 
ment. Prom the power applied to the cam or jack the ac- 
tual amDunt of the supporting force may be approximated 
to, and the new state of affairs readily be classed under a 
case soon to be taken up. 

44. 2c7. A draw, as usually constructed, is screwed up 
at the centre, until almost the entire weight and bearing is 
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upon the pivot, and the ends of the truss scarcely do more 
thjin touch the bearings on which they close, as is shown 
by the immediate tilting up of one end of a draw when a 
train enters the other end. The truss may then practi- 
cally be considered as poised on the centre when shut and 
unloaded, with the same stresses as when open. Let 
ABC, Fig. 14, represent the draw, closed, poised on the 
pivot B, and barely in contact with the abutments at A 
and C. The curvature in the figure is exaggerated ; but 
every draw is practically curved in this way when sup- 
ported in the middle and deflected under bending mo- 
ments arising from its own weight, even when it is actually 
straight and horizontal, as is proved by the existing ten- 
sion in the top chord and compression in .the bottom 
chord ; and the points A and C can be brought to a level 
with B only by a camber previously induced in the truss. 

When a rolling load passes on at D, the farther end P 
rises, the truss is carried by two supports, with one end 
overhanging, and the construction of the diagrams will 
follow the method described in § 20. As described in 
§ 43, A'E'C'B' is the diagram for bending moment of 
ABC, the draw open, and also for the draw closed but 
not raised at the ends by cams. By drawing T' D ' as the 
new portion of the curve required by the load TD, we 
have D'T'E' C as the new moment curve. Any load on 
D E will not alter the bending moment on E F, and there- 
fore C B' is still one of the lines, and B' D' must be the 
other required to complete this diagram. The point of 
contra-flexure near T' is readily seen. A line parallel, in 
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the stress diagram (not shown in this figure), to D'B', will 
give us ad, the supporting force at D^and the lines die 
with be will determine the ordinates for shearing force. 

45. The further end of the draw will rise still higher, as 
the load advances over the first span, and finally reaches 
the centre pier. The further progress of the load will 
cause F to move down again, but it will not come down 
to the bearing on G, until the train or other moving load 
has advanced a certain, often a considerable, distance over 
the free span, sometimes more than one-fourth of the 
space from the centre pier. The important point to be 
determined is the position, S, of the front of the rolling 
load on I K L, when the end, L, of the beam is just forced 
down to its abutment. 

Draw through K a tangent Q K M to the beam at that 
point. When the beam rests on the abutments the deflec- 
tions at the ends from the tangent at K are M L and Q I. 
From the similar triangles MN'L and PQI, made by 
vertical lines through I and L and lines perpendicular to 
Q M, any ratio which exists between M L and Q I wiJ 
hold between N L and P L If we add I R to P I, and 
subtract its equal, L 0, from N L, we have an entirely 
similar proportion to the one deduced for a two-span con- ' 
tinuous truss, namely : 

NO:PR = KN:KP=KO:KR = l,orNO = PR. 
Now ML is proportional to the area moment on the 
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span K L, as explained in §§ 24, 25 ; Q I is proportional 
to the area moment of the span K I, and L 0, = I R, is 
proportional to the original area moment of either span, 
before any rolling load has come upon it, or to the area 
C B' E' multiplied by the distance of its centre of gravity 
from the vertical through L. Call this area moment O C 

46. The curve F E' L' being drawn, the condition that 
the end L shall rest upon the abutment will, therefore, be 
satisfied when the area moment to the left of E' K' plus 
O C equals the area moment to the right of E' K' minus 
C. This equation will determine the position of K', as 
in former cases. But note that, when we find a point K', 
satisfying the above condition, so placed that a tangent to 
the curve at L', or a line parallel to the last radiating line 
in the stress diagram to the cdclremity of the line of loads, 
cuts E' K' above K^, the span has risen from the abut- 
ment. For it is necessary that a parallel to K' L' should 
cut off some portion of the load line to give any support- 
ing pressure to L. When one end of the span is off the 
abutment, see § 44. 

To find the distance E' K' or x for every position of the 
end of the travelling load between S and L: — draw a 
straight line froni I' to E', and one from E' to L' ; call the 
areas between these lines and the moment curve respect- 
ively A and B, A being the area belonging to the side 
which is entirely loaded, and the distance of their centres 
of gravity, horizontally from 1' and L', a and b. Then, 
by the same course of reasoning given in § 29, Fig. 11, 
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and from the equation started above, we have, letting I 
equal either span, 

a ^ -^Qq=z — Bb — Co. 

X = 27 (^^ + Bb 4- 2 0c). 

47. ir the curves are drawn as usual in these pages, 
I' E' being common to all of the curves for movements 
of S, the head of the load, towards L, we have A a and 

2 C constant, as well as the divisor ^y^ ; so that, for each 

new position of the load, we have only to calculate Bb, 

3 
divide it by ^^r and add the quotient to the previous con- 
stant quotient, to obtain x, equal E' K'. 

The shear is then readily obtained ; for the load from I 
to S it is limited by the lines ikh s c. When the load ex- 
tends to L we have the symmetrical curve 1' E' V and the 
shearing diagram auwv c. The increase of rolling lodd 
from S to L diminishes the supporting force at I from a i 
to a Uj and manifestly the supporting force at I will be 
a maximum when only the span I K is covered by the 
travelling load. 

The points of contra-flexure will be found nearer the 
ends for given loads than in a continuous girder of two 
spans, as might be expected ; since the load has to over- 
come or neutralize first the initial negative moment of 
flexure. And, consequentlj^ the bending moment over 
the centre pier is greater than in a continuous girder. 
Most draw trusses have a greater depth at the centre 
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pier than at the ends, thus diminishing the stress on the 
chords at that point below the amount which would exist 
for parallel chords. 

48. It will perhaps be more convenient to show now, 
before we give the entire diagrams for a pivot bridge or 
draw span, the modification which is introduced by case 

3^. Where the ends of the draw are prevented by 
locking bolts from rising from the abutments, the action 
will be similar to that produced by hanging an additional, 
but variable, weight at F, just sufficient to bring F in con- 
tact with G. The greatest weight will be required when 
the rolling load extends from D to E. It is readily seen 
that, if F must always remain on G, the condition required 
for case 2, instead of being limited to loads which give a 
])ressure on L, must be satisfied for every position of the 
load from D to F ; that is, we must always have 



x^^, (Aa + Bb + 20c).' 



This value of x determines K'. Now if the line to be 
drawn in the stress diagram, parallel to K' L', passes be- 
yond the end of the load line, the additional length of 
load line required to meet it will be the upward pull on 
the bolt at L, and this pull will increase, commencing with 
aero at S, until the rolling load retires to K, and will then 
diminish to zero again when the rolling load entirely 
moves off at I. This modification makes the only differ- 
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ence in the treatment of cases 2 and 3. In the shearing 
diagram, the amount of upward pull on the locking bolt, 
being opposed in direction to a supporting pressure, is to 
be laid off from c, downwards^ and, from its lower extrem- 
ity, will then be drawn a line parallel to, and taking the 
place of, c sb or cs k^ etc. This pull affects the stresses 
on all portions of the draw and shifts the points of con- 
tra-flexure. 

49. 4/A. Suppose that the draw, instead of being cir- 
cumstanced as in case 2, is raised at the ends by cams or 
jacks, but that the supporting forces do not equal those 
required by case 1, where A and C are on the same level 
with B. Find, flfom the known power applied to the 
cams, the amount of the supporting force at each end 
when the draw is unloaded. Lay off these amounts, each 
on the proper end of the load line, and draw lines from 
the two points of division so obtained to the point in the 
stress diagram usually marked 0. Construct the moment 
curve for the spans unloaded, and then draw linej, from 
the extremities of the curve to the centre vertical, parallel 
to the lines just drawn in the stress diagram. The ordi- 
nates so cut off will be the ones required to determine the 
bending moments on the closed and unloaded draw, and 
the area moment on one side, (or the moments on each 
side, if not the same, owing to diflferent supporting forces 
at the ends,) will represent the quantity to be used, in- 
stead of Cc, in cases 2 and 3. 

The ends of the draw may be raised so as to give a 



ANALYSIS OF BRIDGE TRUSSES. 67 

pressure of more than three-eighths the weight of one 
span on each abutment. It will then be necessary to 
determine the amount and proceed by the steps just de- 
scribed. 

50. A general case might be made of the difference 
of level between the centre pier and the abutments. If 
A and C are above B, we shall have the last case. If A 
and C are sufficiently above B, we shall have no pressure 
on B and hence one single span. If A and C are level 
with B, Co will equal zero and we shall have case 1. If 
A and C are below B, we shall have cases 2 and 3. An 
equation similar to those which have preceded, formed by 
the introduction of two terms in Cc, one for each span, 
into the value for x given in § 29, would probably admit 
of this general discussion. 

51. If we take a draw span; such as is represented in 
Fig. 15, we may proceed to find the stresses on the dlflfer- 
ent parts, under the supposition that holding down bolte 
are used ; in other words we may apply case 3. 

Let the draw be 240 feet long, making two spans of 
120 feet each, (= ?,) divided into twelve panels of 20 feet 
each ; let the height at the centre be 25 feet, and at the 
ends 20 feet. The dead weight is assumed to be-lO tons 
to a panel, and the travelling load is also 10 tons to a 
panel. An increase in the number of panels and an un- 
equal distribution of dead and live load would not have 
rendered the construction more difficult, but would have 
confused the figure. In order to have the moment curves 
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well separated, with the present scale, we have taken H 
as 60 tons only. 

To proceed to the construction : 1-2 represents 240 
tons, the maximum load. Take at a distance of 60 
tons, opposite the middle of 1-2. Draw, if convenient, 
A' M C, for the draw entirely loaded, by commencing at 
C with a line parallel to 3-0, and ending at A' with a line 
parallel to 4-0, 20 tons being carried on each joint, ex- 
cept A and C, which carry 10 tons each. Next, through 
the point M, draw A" M C" for the draw unloaded ; it 
may be convenient to use one of the sides of the polygon 
already drawn through M, as, for ei^ample, the one parallel 
to 0-7, and we may, therefore, construct each way from 
this side, as shown in the figure, taking 10 tons on each 
joint, and terminating at C" and A'' with lines parallel to 
0-8 and 0-9. As five tons, when the draw is free or is 
open, rest on A and C, draw from A" and C" the lines 
A'' B" and C" B" parallel to 0-5 and 0-6. The ordinates 
between A" M C" and A" B" C are proportional to the 
bending moments at diflerent points of the draw open, or 
closed and unloaded. Calculate tlie area A'' M B'' = C, 
find the distance of its centre of gravity from the vertical 
through A, and denote it by C (See § 27. If A" M 
may be considered a close approximation to a parabola, 
c = |AB.) 

Draw a straight line from A' to M and compute the 
area enclosed between the curve A- M and the line just 
drawn ; call it ^ ; then multiply by the distance a, = 
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5 A B, of its centre of gravity from A. To find, for the 
curve A' M C\ M B'= 

3 
X = ., ., (Aa + Bb 4- 2 Cc), 

we have Bb=Aa. Having made this computation, lay 
ofi" M B', and draw A' B' and C B', determining the 
bending moment for the draw closed and entirely loaded. 
Draw a straight line from C to M, compute Bb for this 
curve, and, using Aa as before, find by the same formula, 
M B'", and draw A' B'" and C' B''', as well as A" B''' and 
C B'", determining the bending moment for the draw 
when one span is loaded and the other unloaded. 

52. N^xt draw from lines parallel to those which 
meet at B', B" and B-", and lay off the supporting forces 
thus found at a and c. These reactions will he ae and 
cd when both spans are loaded, a/c and en when A B is 
loaded and B C unloaded, and eg and a I when the load is 
upon B C alone. It is plain that the pressure upon the 
abutment at A will be greater when A B alone is loaded, 
than when a load over a portion or the whole of B C acts 
as a partial counterpoise, and the maximum pressure at 
A,= ak, will occur when the whole of A B is loaded. 
A weight between A and B will tend to raise C from the 
abutment, and will cause a shearing stress on that locking 
bolt. This stress will increase as the load on A B in- 
creases, until all the weight is added, but, as soon as the 
load passes beyond B toward C, the stress on the bolt at 
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C will diminish. Therefore c n is the maximum shear on 
the bolt, and is drawn below a c as a negative supporting 
force, because the line drawn from 0, parallel to B'" C'', 
to determine it, strikes beyond the end 6 of the load line to 
that amount. At the other end, 5-10 -= aL 

Now draw a h and c A, at an inclination of ten tons to a 
panel, cutting oflF h \ equal to the weight 'of B C or A B 
unloaded ; a A c will be the shearing diagram for the un- 
loaded draw, either open or closed. Draw ef and (Z/, at 
an inclination of twenty tons to a panel, and a efd c will 
be the shearing diagram for the draw closed and entirely 
loaded. Then k i, parallel to ef, and n m, parallel to c A, will 
be the lines required for the diagram when A B is loaded 
and BC unloaded; while ^^ and /m will apply to the 
reverse case. As will appear later, parabolas drawn on 
the tangents Ip and p/, g r and r h, having points of 
tangency at the middle of the first panels from each point 
of support, will complete all necessary lines in the shearing 
diagram. To easily construct these parabolas, see § 10. 

53. As the draw in this example has an inclined upper 
chord, we shall need other moment curves. Suppose the 
load, advancing from A, extends to and includes G. Us- 
ing the portion C" M for the lightly loaded side of the 
draw, add the two sides of the polygon which will com- 
plete G'MC", compute a? for this curve as was done for 
the others, and draw lines from G' and C'^ to the middle 
vertical, meeting it at a point a little removed from B" 
towards B''^ ; for the weight added at E and G will in- 
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crease the bending moment over tlie point B. The lines 
for shearing force, (not drawn in the figure,) starting from 
a point above a, will run to t, and thence, at a less inclina- 
tion, to a point below m; on the other span the line will 
lie between h c and mn. 

N'ext suppose that, instead of a rolling load from A toi 
G only, we first load B C throughout and then add the 
load from A to G as before. We must now use the curve 
G' M C, and the bending momejit at the centre pier will 
be increased beyond the amount existing when only one 
span is loaded, so that the inclined lines will now meet 
the centre vertical between B'" and B'. Thus the two 
lines drawn from G' to the centre vertical are accounted 
for. Finding the supporting forces under the new condi- 
tion of things, we shall have, in the diagram for sheariag 
force, the lines aWy wu^ uz, and a line between and par- 
allel to ig and fd. We thus find a greater negative 
shear on A B under this load than under the former. 

Add a load on J. Draw J' M. The bending moment 
over the centre pier will be slightly increased, and we can 
construct, as we did from G', the two lines from J' to the 
centre vertical, and in the shearing diagram we shall find, 
when BC aljso is loaded, the lines cby^yv^ etc., as before. 
A load added to L will, in the same way, determine the 
point 8. The curves starting from E', G', J', L' and A' 
represent the successive increments of rolling load on E, 
G, J, L andP, and, as combined with M C or M C, ap- 
ply to the cases where B C is unloaded or loaded. All 
the lines to the centra vertical are not drawn, but enough 
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of them are shown to explain the action. The letters at 
the extremities of the curves are intended to indicate the 
last fully loaded point. A rolling load on B will be found 
not to alter the bending moment, hence the curve for P be- 
comes the one from A'. 
» 

54. As the load advances from A to B then, the span 
B C being fully loaded, we shall find that the ordinates 
for the maxima stresses in the successive panels occur im- 
mediately in front of the load, and terminate in the points 
u, Vj s, etc., which points will lie in a parabola, described 
on the tangents Ip and jpf^ with tangent points in the 
middle of the first and last panels. If B C were unloaded, 
these ordinates would terminate in a parabola drawn on 
the tangents a q and q ^, and shown in the figure as a 
dotted lino ; but, as the former parabola gives the maxima 
stresses in this direction, it alone need be drawn. A 
symmetrical one can be sketched on f rn, for a load 
advancing from the other end, but it will not be neces- 
sary. 

Similarly, if the load extends from A, past B, to V, we 
shall have the curve Y' M combined with A' M, and, if 
only B V is loaded, the curve V M combined with A'' M. 
A load on B V alone will cause a greater supporting force 
at C than when A B is also loaded ; therefore the incre- 
ments of load from B towards C, while A B is unloaded, 
will give us the points on a parabola drawn on A r and r g. 
The dotted parabola d m on the parallel pair of tangents 
below, belongs to the case of a load extending from A en- 
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tirely to the successive points on BC. All other loads 
moving from A towards C will give less values than those 
now obtained, and the maxima shears in all of the panels 
are thus determined bv ordinates, at the middle of the 
panels, from abc to the parabola lusf below, or to that 
portion of the other parabola gh above, <x 6 c. Finally, 
we make the d.ra,w span symmetrical, and so provide for 
moving loads in the other direction. 

55. The point of contra-flexure, advancing from the 
outer end as a load enters upon the draw, will be seen to 
move no nearer the centre pier than the third panel from 
the end. Consequently K R will always be in tension, 
GB will always be in compression, while KD and GA 
must be designed to withstand either stress. The mo- 
ment at the joint J, being the last moment which is al- 
ways the same as that over the pier, will be resisted, if 
wc take J as -origin, by JK multiplied by the horizontal 
projection of the tension in K jS", or, if we take K as ori- 
gin, by J K into the compression in J G. Thus we de- 
termine the points K and G of the lengths R K and B G. 

The maximum ordinate at any joint being readily se- 
lected from the figure A' M C C B' A'', and multiplied 
by H, if we divide by the height of the truss at that joint, 
we shall have the horizontal stress on that side of the joint 
not touched by the diagonal in action at the time. The 
horizontal stress in the inclined chord must be increased 
in the ratio of the actual length of that portion of the 
chord to the length of a panel horizontally. A ready 
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("onstructioa is to draw a horizontal line equal in length to 
the horizontal stress, from one end draw a line parallel to 
tiie portion of the inclined chord in question and limit it 
by a vertical line from the other end. The hj'pothenuse 
represents the desired stress on the inclined chord. A 
curved piece may be treated as straight between the two 
joints, for finding the direct stress ; its .curvature intro ^ 
duces a separate bending moment on the piece itself. 

56. Finally, to find the stresses on the diagonals and 
verticals: — compare § 15, etc. Take, for example, the 
l)ieces L Q and P Q. The maximum shearing stress in 
the panel L P will be the ordinate from a5 to s. Lay 
oir this ordinate at o s in the lowest figure. This shear 
will be caused by a rolling load from A to L inclusive, 
together with one from B to C, (and is to be considered a 
positive or upward shear, as shown by the arrow in the 
panel, although the combination of the two spans of the 
draw brings this parabola below the line aH). The curve 
of moments will therefore be L' M C, and the ordinatesfor 
bending moment, under that load, at L and P will be 
L'' W and P' Q' ; multiply these ordinates by H, and 
divide by LN and P Q respectively, thus obtaining the 
horizontal stress from jS" towards Q and the horizontal 
stress 0-1 P L. Lay off* s L equal to the latter, and, 
drawing o Q parallel to N Q, make the horizontal distance 
of Q from equal to the former. L s and o Q are drawn 
to the left of the vertical o s representing the shear, be- 
cause the bending moment tends to make the truss convex 
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upwards; or the reverse of Fig. G. If no error has been 
made, LQ when drawn will be parallel to LQ of the 
truss, and will give the amount of the existing stress, 
while the line marked P-Q, ^rawn vertically upwards from 
the point marked L, will be the stress on the vertical P Q. 
The remainder of the figure applies to the other pieces of 
the web, a3 shown by the letters. We shall thus obtain 
the stresses on all of the diagonals which incline from the 
centre pier down towards the abutment. B R will have 
upon it double the stress shown in the figure, as it resists 
the action of the inclined pieces in both halves of the 
draw. There remains the diagonal S T, required by the 
shear which arises in the panel S C when the span B C 
alone is fully loaded. The bending moment at S being 
then of the kind to causj convexity downwards, construct 
this figure on the right of the vertical at o. There will be 
no tension on S C, and wo arc consequently reduced to a 
triangle, giving S-T and C-T as drawn. 

A study of the diagrams of Fig. 6, and the explanations 
therewith, will show what modifications would be intro- 
duced by the inclination of the bottom chord, the substitu- 
tion of struts for ties, or of a load on the top chord for 
one on the bottom chord. 

57. Without drawing additional diagrams we can prob- 
ably determine, by inspection of Fig. 15, what changes 
would be effected in the draw by the removal of the lock- 
ing bolts, bringing it under case 2, § 44. Both when the 
draw is entirely loaded, and when the rolling load is alto- 
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gather removed from the draw, there is no force exerted 
on the bolts. The absence of the bolt will therefore 
make no change in the position of B' and B". The point 
B'", found when one span only is fully loaded, will be 
situated a little nearer M, owing to the omission of the 
moment over B caused by the pull on the bolt multiplied 
by the span B C ; the point of contra-flexurc will there- 
fore come somewhat nearer the centre pier, and the ex- 
tent of each chord subject to but one kind of stress will bo 
diminished. All of the valu3s o? x which would give any 
pull on the bolt, and which correspond to loads on any 
portion of 11 S, Fig. 14, will be slightly less. 

In the shearing diagram we need to consider only the 
changes which take place in the two limiting parabolas for 
maxima values, iv sf and hff. As I v sf is the curve for a 
load advancing from A, while the other span is fully loaded, 
and as, under these circumstances, the holding down bolts 
cannot be in action, this parabola will not be changed. 
When BO, audit alone, is covered with a rolling load, 
the supporting force at C is diminished by the amount of ^ 
the pull a I on the abutment at the other end. Remove 
the bolt at A, and the point g will now be found to have 
moved farther from d by the amount a I or c n. That is, 
to find g, lay off n g from c. This increase of supporting 
force at C will affect the shear at all points of the span, 
when B C is loaded, by just this amount, and therefore g i 
will move parallel with itself to the new dista,nce from c 
just stated, and m I will coincide with a h. Therefore the 
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parabola hg will riso to its new tangants, iacroasing the 
shear in panels near C. 

The coincidence of ml with ah, or its disappearance, 
will not affect the position oilv i^f, but wo shall have to 
draw Im where it stands in this Ggure, to find this para- 
bola. With these suggestions no difficulty need be expe- 
rienced in making the diagrams for case 2. 

CONCLUSION. 

B 

It will be noticed that we have not, in what has gone 
before, attempted to give different forms of trussing. We 
liave rather endeavored to set forth the method plainl}^, 
and perhaps have been, for that reason, at times diffiise ; 
a clear understanding of the line of procedure will enable 
oue to apply it to any type of bridge desired. Where 
compound systems of trussing are to be used, it will prob- 
ably be advisable to draw separate diagrams for the sim- 
ple systems, and then combine the results. We have 
also, m the bridges used as examples, taken both the 
steady and rolling loads as uniformly distributed over the 
proper portions of the span. Any one who wishes to 
make the load heavier in one portion than in another, as 
is sometimes done w^hen we consider the w^cight of a loco- 
motive aside from the average weight of a train per foot, 
can readily change the divisions on the load line to corre- 
spond. Such a change in these plates, with their necessarily 
small scale, would have brought confusion into the stress 
. diagrams, from the necessity for entire redivision of the 
load line at every change in position of the rolling load. 
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The same remark applies to the construction of all the 
moment curves or polygons in a figure with one common 
side, and to the proportions of live and dead load here 
taken. 

Further, some may object to considering the panel 
joint under the head of the moving load as fully loaded, 
while the one next in advance carries none of this moving 
load. This practice has its advantages in easier construc- 
tion of diagrams, and many authors adopt it ; the shear- 
ing stresses thus found are slightly in excess of the real 
maxima stresses, erring a trifle on the side of safety. A 
diflferent distribution of the load can be used with a little 
more work. 

One who makes himself familiar with the preceding 
graphical method will find that it possesses within itself 
many checks on the accuracy of the drawings, some of 
which have been alluded to. Those who prefer to find 
the stresses on the various parts of a truss by direct calcu- 
lation will find a graphical method a valuable check on 
their computations, and a complete diagram, for every po- 
sition of the moving load, shows readily to the eye, and 
more advantageously than the discussion and interpreta- 
tion of mathematical formulae would show to most per- 
sons, the increase and decrease of stresses in diflferent 
members, the change of bending moment, the shifting of 
points of contra-flexure, and any other possible points of 
interest. Diagrams also afford a ready means for the 
comparison of trusses. This method can probably be ex- 
tended to more problems of the same class, as it is en- 
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tirely general in its treatment. It has sometimes been 
thought desirable to make the moment over the piers, of 
a continuous girder, equal to the moment at the centre of 
the spans, and these diagrams may render that object at- 
tainable. The determination of the proportions of a 
stiffening girder for a suspension bridge can be made by 
this method. 
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S. AucHiNCLOss, Civil and Mechanical Engineer. Designed as 
a hand-book . for Mechanical Engineers, Master Mechanics, 
Draughtsmen and Students of Steam Engineering. All dimeli- 
sions of the valve are found with the greatest ease by means of 
a Printed Scale, and proportions of the link determined without 
the assistance of a model. Illustrated by 37 wood-cuts and 21* 
lithographic plates, together with a copperplate engraving of the 
Travel Scale. 

All the matters we have mentioned are treated with & clearness and absence 
of unnecessary verbiage which renders the work a peculiarly valuable one. 
The Travel Sccde only requires to be known to be appreciated. Mr. A. writes 
so ably on hi^ subject, we wish he had wzitteQ more. London En* 
gine&ring. 

We have never opened a work relating to steam which seemed to us better 
calculated to give an intelligfoiit mind a (dear understaiiding of the de|Mrt- 
ment it discusses. — ScierUi^fid American, 
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Slide Valw^Iby-Ecxiexitwas^Iby Prof. 

O.W. MacOord. 

4to. mufttraled. <loiib, HOO. 

A PEACTICAL TREATISE ON THE SLIDE VALVE BY 
ECCENTEICS, examining by methods, the action of the Eccen- 
tric upon the Slide Valve, and explaining the practical proces- 
ses of laying out the movements, adapting the valve for "its 
various duties in the steam-engine. ' For the use of Engineers, 
Draughtsmen, Machinists, and Students of valvfe motions in 
general. By 0. ^ . MAcCoBi), A. M., Professor of Mechanical 
Drawing, Stevens' Institute of Technology, Hoboken, N J. 



Stillman^s Steam-Engine Indicator. 

12mo. Cloth. $1.00. 

THE STEAM-ENGINE INDICATQR, and thelmproved Mano- 
meter Steam and Vacuum Gauges j their utility and application 
By Paul Stillman. New edition* 



Bacon's Steam-Engine Indicator. 

12mo. Cloth. 11.00. Mor. |1.50. 

A TEEATISE ON THE EICHAEDS STEAM-ENGINE IN- 
DICATOE, with directions for its u^e. By Charles T- Porter. 
Eevised, with notes and large additions as developed by Amer- 
ican Practice, with an Appendix cppitaining useful fop mulse and 

. rules for Engineers. By F. W. .BAOoy, M. E., Member of the 
American Society of,Oiyil Engin^^rs. Illustrated. Second Edition 

In this work, Mr. Porter's book has been taken as the basis, but Mr. Bacon 
has adapted it to American Practice, and has conferred a great boon on 
American Engineers. — Artiaan. 



Bartol on Marine Boilers. 

8vo. Cloth. $1.60. 

TBEATISE ON THE MARINE BOILERS OF THE UNITEP 
STATES. By H. B. BAfixoL. lUustafated. 
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Q-illm'0!Pe?ft: Jiart^g^an^ Oemes^. 

8vo.. Cloth. $4.00. 

PKACTICAL 5PREATISE ON LIMES, HTDRAnDXIC CE- 
MENTS, AND MORTARS. Fapei-s 6n ^Practical Enginoierriiig, 
IT. S. Engineer- Departtaent, No. 9, contait^ng Bepoirts of 
numerous experiments dondticted* in New. York Oity^ during fiie 
J^ears 1858 to 1861, iadusiVe. By Q. A. Qillmoee, Brig-General 
U. S. Volunteers, tod Major U. S. Carp6 off Engineers. ' Wiffi' 
numerous illustrations. 

'* This yrotk contaixis a record of oerfcaiit expeiinlente and Tesearohe^ made 
under the authoritr of ^e Eligixieer Bureau of the War Beparttneat lrom>' 
1858 to 1861, upon the Tariotii^ hydratiHo oemeuta of th« United States, and- 
the materials for their mslntifactiiTe. The experbiients -vreire carefolly made, 
and are well reported and' compiled. *-— Jbumo/ FrankUn Imtitute* 



Gillmore's Ooignet Beton. 

8vo. Cloth. 12.50. 

OOIGNET" BETON ANI) OltHER ARfiFICIAL STONE. By 
Q. A. GiLLMOKE. 9 Plates, Views, etc. 

I 

. » • . k 

This work describes w^th considerable xtLinutfenessx>f detadl the several kinds 
of artificial stone in most general use in Earox>e and now beginning to be 
introduced in the United States, discusses their propertiei^ relative merits, 

and cost, and desfcribes the materiats of which they arb composed 

The subject is one of special and groMring interest, and we commend the work, 
embodying as it does the sTatured opinions of an experieneed engineer and 
expert. 



Williamson's Practical Tables. 

4to. Flexible Cloth. $2.50. 

PRACTIOAL TABLES IN METEOROLOGY AND HYP80- 
METRY, in connection with the use of the Barometer. By Ooi. 
R. S. WtLLIAMSoAl, V. S. A. 
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Williamson on the barometer* 

ito. Oloth. $15.0a 
ON THE USE OF THE BAEOMETER ON SURVEYS AND 
RECONNAISSANCES. Part I. Meteorology in its Connec- 
tion with Hypsometry. Part 11. Barometric Hypsometry. By 
R. S. WniJAMSoir, Bvi Lieut-Col. U. S. A., Major Corps of 
Engineers. With Illustrative Tables and Engrayings. Paper 
No. 15, Professional. Papers, Corps of Engineers. 

« San Francisco, Cal., Ftb, 27, 1867. 
<' QeiL A A. HUMFHRBTS, Chief of En^eers, U. S. Army : 

" General, — ^I have the honor to submit to you, in the following pages, the 
results of my investigations in meteorology and hypsometry, made with the 
view of ascertaining how far the barometer can be used as a reliable instru- 
ment for determining altitudes on eJitended lines of survey and reoonnais- 
sanoes. These investigations have oocuiaed the leisure permitted me from my 
prdlessional duties during'the last ten years, and I hope the results will be 
deemed of sufficient value to have a place assigned them among the printed 
professional papers of the United States Corps of Engineers. 
" Very respectfully, your obedient servant, 

« R. S. WILLIAH80N, 
''Bvt. Lt-Col. U. S. A^ Hsjor Corps of U. S. Engineers." 



Von Ootta's Ore Deposits. 

8vo. Cloth. $4.00. 
TREATISE ON OEE DEPOSITS. By Beenhard Von Cotta, 
Professor of Geology in the Royal School of Mines, Freidberg, 
Saxony. Translated from the second German edition, by 
Ebebeeick Pbime, Jr., Mining Engineer, and revised by the 
author, with numerous illustrations. 

'' Prol Von Cotta of the Freiberg School of Mines, is the author of the 
best modem treatise on ore deposits, and we are heartily glad that this ad- 
mirable work has been translated and published in this country. The trans- 
latol*, Mr. Frederick Prime, Jr., a graduate of Freiberg, has had in his work 
the great advantage of a revision by the author himself, who declares in a 
prefatory note that this may be considered as a new edition (the thirds of his 
own book. 

'* It is a timely and welcome contribution to the literature of mining in 
this country, and we are g^teful to the translator for his enterprise and good 
judgment in undertaking its preparation ; while we recognize with equal cor- 
diality the liberality of the author in granting both permission and asaist- 

.^ — Extract from Beview in Engineering and Mining Journal 
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Plattnet'^ Blow-Pipe Analysis. 

SdeoAa edkidik BMMd. 6Vp. Cloth. $7.50. 

PLATTNER'S MANtJAL OOF QUALITATIVE AND QUAN- 
TITATIVE ANAI-ygIS WITH THE BLOW-PIPE. From 

» the last German editioa [Revised and enlarged. By Prof. Th. 
BicHiEK, of the Boyal Saxon Mining Academy. Translated by 
Prof. H. B. OoKNWALL, Assistant in the Colmnbia School .of 
Mines, New York ; assisted by John H. Caswell. lUnstrated 
with eighty-seven wood-cuts and one Lithographic Plate. 560 
pa^es. 

^ Flattner's oelebiated work has long been xeoognixed as the only complete 
book on Blow-Pipe Analysis. The fourth Gkrman edition, edited by Prof. 
Biohter, fully sustains the reputation which the .esirlier editions acquired dur- 
ing the lifetime of the author, and it is a' source of great satisfaction to us to 
know that Prof. Richter has oo-operated with the. translator in issuing the 
American edition of the work, which is in fact a fifth edition of tho original 
work, being far more complete than the last Qerman edition.'* — 8ilU7nan*s 
Journal. 

There is nothing so complete to be found in the English langnage. Flatt- 
ner*8 book is not a mere pocket edition ; it is intended as a comprehensire guide 
to all that is at present known on the blow-pipe, and as such is really indis- 
pensable to teachers and advanced pupils. 

** Mr. Comwairs edition is somethihg more than a translation, as it contains 
many corrections, emendations and additions not to be found in the original. 
It is a decided improvement on the work in its German dress.^— Jbu9*na/ of 
Applied Chemistry. 



Egleston's Mineralogy. 

8vo. Illustrated with 84 Lithographic Plates. Cloth. $450. 

LECTUEES ON DESCRIPTIVE MINERALOGY, DeHvered 
at the School of Mines, Columbia College. Br Professob T. 
Egleston. 

These lectures are what their title indicates, the lectures on Kineralogy 
delivered at the School of Mines of Columbia College. They have been 
printed for the students, in order that more time might be g^ven to the vari- 
ous methods of examining and determining minerals. The second part has 
only been printed. The first port, oomprising crystallography and physical 
mineralogy, will be printed at some future time. 




Pynoii6tt*s C3hOTttie6,t Piiyaics. 



Hew JS^tUm. Mebimd tind 

INTE0DUCT10:N to chemical physic's, Designed for the 
Use of Academiesj Colleges, and High Schbols. Illustrated With* 
numerous engravings, and containing coplotik experiments with 
* directions for preparing them. By Thomas Efgctles PYNc:rfoir, 
M.A., Professor of Chemistry and the Watural Sciences, Trinity 
College, Hartford. 

Hitherto, no work snitable for general use, treating of £01 these snbjbc^ 
within the limits of a single volume, eould be found j consequently the atien" 
tion they have received has not been a;t all ptoportionate'to their importaait^. 
It is believed that a book containing so much vaduabU information withiii ih 
small a compass, cannot fail to meet with a r^ady sale- among all intelligent 
persons, while Professional men, Physicians, Medical Students, Photograph- 
ers, Telegraphers, Engineers, and Artisans generally, will find it speciialfy 
valuable, if not nearly indispensable, as a booif of ref6reii<5e. 

" "We strongly recommend this able treatise to our readers as the ftwt 
worlp ever published on tjhe 'subj^t free from perplexing technicalities. In 
style it is pure, in description graphic, and its typographical appeaxaaoe ia 
artistic. It is altogether a most excellent work." — Eclectic Medical Journal, 

" It treats fully of Photography, Telegraphy^ Steam Engines, and the 
various applications of Electricity. In short, it ia a carefully prepared 
volume, abreast with the latest scientific discoveries ,^d,rinventlons.'* — Hartr 
ford Courant. 



Plympton's Blow-Pipe Analysis. 

12mo. Clbth: |«.00: 



-" r 



THE BLOW-PIPE : A System of Instruction in its practical use 
being a graduated CQurse of Ai^aljB^s foa: th^ use of students, 
and all those engaged in the Exan^natioit of Metallic Combina- 
tions. Second edition, with an appendix and a copious index. 
By Geoege W- Plympton, of the Polytechnic Institute, Brooklyn. 

" This manual probably has no sup^of in the English language as a text?- 
book for beginners, or as a guide to the student ^eirking 'without a tea^het. 
To the latter many illustrations of the ut^n^s dnd apparatus required in 
using the blow-pipe, as wcSl as the fiilly illnsttated description oi the bloiv- 
pipe flame, will be especially-serviceable.'*— iVfeto IW* Teaolier. 
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Ure -s Dictionary* 

liondon, 1878, 

* • * 

8 toIb. 8vo. Cloth, $25.00. Half Rnssia, |S2.50. 

DIOnONAEY or ARTS, MANUFACTUBE8, AND MINES. 
By Akdritw TJee, M.D. Sixth edition. Edited by Robust HxnfT, 
F,RS,, greatly enlarged and rewritten. 



Brande and Cox's Dictionary, 

New Edition. 

Londoa, 1872. 
3 Tols. 8vo. Cloth, $20.00. Half Morocco, $27.50. 

A Dictionary of Science, Literature, and Art. Edited by W. T. 
Bbastdb and Bev. Geo. W. Cox. New and enlarged edition. 



Watt's Dictionary of Oliemistry, 

Supplementary Volume. 

8vo. aoth. $9.00. 

This volume brings the Beoord of Chemical Discovery down to the end of 
the year 1869, including also several additions to^ and corrections of, former 
results which have appeared in 1870 and 1871. 

*^* Complete Sets of the "Work, New and Bevised edition, including above 
supplement. 6 vols. 8vo. Cloth. $62.00. 



Rammelsberg's Ohemiqal Analysis. 

.8vo. Cloth. $2.25. 

. GtriDE TO A COUBSE OF CiXJANTITATIVE CHEMICAL 
ANALYSIS, ESPECIALLY OF MINEBALS AND FUR- 
NACE PBODUCTS, Illustrated by Examples. By C. F. 
Bamhelsbbeg. Translated by J. Towleh, M.D. 

This work lias been translated, and is now published expressly for those 
students in chemistry whose time and other studies in colleges do not permit 
them to enter upon the more elaborate and expensive treatises of Fresenius 
and others. It is the condensed labor of a master in chemistry and of a prac- 
tical analyst. 
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Eliot ajid Storet?s Qtialitative 
Chemioal Analysis^ 

New Edition, MetHsedm 

12mo. Illustrated. Cloth. $1.50. 

A OOMPElSroiOUa manual OE QUAUTATIYE 0HE3MI- 
CAL ANALYSIS. By Chajiles W. IHjot apcj FraueH. Stpiier. 
Eevised with the Cooperatioii of the Authors, by William Rip- 
ley Nichols,. Profess^w of Ohei;iciistryri^..t];i^e Mft§9j6kcha8<)(tts Insti- 
tute of Technology. 

** ThiB Manual has great merits as a practical introduction to the scienoe 
and the art of which it treats. It contains enough of the theory and practice 
of qualitativA analy^ '' in the wet inray," t^ bid|ig A>n^ aJ|l~ th^; reasoning in- 
volved in the science, and to present clearly to the student the most apj^ved 
methods of the art. It is speciallj^ adapted for exercises and experiments in 
the laboratory ; and yet its dassificationA and manrMW of treatment tute so 
systematic and logical throughout, as to adsqpt it in a high degree to that 
higher clas9 of, students g^eniirally who desire, an ac9ii^te l^iQwledi^^- of the 
practical methods of arriving at scic^iti^c &cts.'' — Lutheran Observer, 

'< We wish every academical clasa in the laa^- coul4 have the benefit of the 
fifty exercises of two hours each necessary to master this book. Chemistry 
would cease to be a mere matter of memory, and become a pleasant experi- 
metntal and mteUectual recreation. We heartily commend thia little ^volume 
to the notice of those teachers who believe in using t^ soiomcea «a means of 
mental discipline." — CoUege Courani, 



Craig's Becimal System. 

Square 82mo. Limpw 50c. 

WEIGHTS AND MEASURES. An Account of the Decimal 
System, with Tables of Conversion for Commercial and Scientifijb 
Uses. By B. F. Ceaig, M. D. 

" The most lucidi aaourate, and useful of ^all the hai^d-books on thia, subject 
that we have yet seen. It gives f orty-eeve^ tables of comparison between the 
English and French denominations of length, area, capacity, weight, and the 
Centigrade and Fahrenheit thermometers, with clear instructions how to use 
them ; and to this practi(!al portion, which helps to make the transition as 
easy as possible, is prefixed a scientific explanation of the errors in the metrie 
system, and how they may be corrected in the laboratory." — Nation. 




12m(K Cloth. $3.00 

TBS;i4lTISE on optics ; or, J.igl^t and %ht^ .theoretically and 
praoticall^ ^•fitedj witli the appUpatioa jx> Fine Art and Indus- 
trial Pursuits. By E. NiraBKT. With one hundred and three 
illustrations. 

''This book is of a practloal ratker ihaik a theotetiool kmd» and la de* 
signed to aftord aoonrate and complete inloniiiaticn to all Itttonated in appli* 
cations of tliascienoe.*— i2(»tifu2 Table, 



Bari^rd's Metnc Sy@tQin. 

,9iro. BxownclQtii. 1^.00* 

THE METRIC SYSTEM OF WEIGHTS AND MEASURES. 

An Address delivered before the Convocation of the University of 
^ the State of New Tork, at Albany, August, 1871. By Frederick 

A. P. Baknabd, President of Columbia College, New York City. 

Second edition fk>tn the Revised edition printed for the Trustees 

of Columbia* College. Tinted paper. 

'* It is the best summaiy of the arguments in favor of the netno weights 
and measnres with which we are acquainted, not only because it contains in 
■maU'Spaoe the leading facts of the case, bat because it puts the advocacy of 
that system on the only tenable grounds, namely, the great convenience of a 
decimal notation of weight and measure elk well as money, the value of inters 
national uniformity in the matter, and the f a<it that this ' metric system is 
adopted and in general use by the majority of eivifind naJdona.^-^The Nation, 



The Young Mechanio. 

Illustrated. 12mo. CSkith* 4t75., 

THE YOUNG MECHANIC. Containing directions for the use 
of all kinds of tools, and for the construction of steam engines 
and mechanical models, including the Art of Turning in Wood 
and Metal. By the author of '^The Lathe and its Uses,'' etc- 
From the English edition, with corrections. 
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Harrison's 



LO's Tool-Book. 



12ino. Oloeh. %\M, 



MECHANIC'S TOOL BOOK, with practical rules and 6iiggestion»y 
■ for the vse of Macfainists, Iron Workers, and others. By W. B. 
Habbisok, Associate Bditor of the *^ American Artisan." IllBstra- 
ted with 44 engravings- 

** This work is specially adapted to meet the wants of Machinists and work- 
ers in iron generally. It iM made up of the work-day experience of an intelli- 
gent and ingenioiM meohanio, who had the faculty of adapting tools to various 
purposes. The practicability of his plans and suggpeetions are made apparent 
even to the unpractised eye by a. series of weIL«executed wood engravings.'' — 
Philadelphia Inquirer, 

Pope's Modern Practice of tlie Elec- 
tric Telegraph. 

Eighth EdhiOlt 9vo. Cloth f2J00, 

A Hand-book for Electricians and Operators. By T-ravk L. Pope. 
Seventh edition. Hevised and enlarged, and fully illustrated. 

Extract from Letter of Prof Morse, 

** I hare had time only cursorily to examine its ccmtents^but this examina- 
tion has resulted in great gratification, especially at the fairness and unpre- 
judiced tone of your whole work. 

. '* Your illturt;rated diagrams are admirable and beautifully executed. 

** I think all your instructions in the use of the telegraph apparatus judi* 
dous and correct, and I most cordially wish you success." 

Extract from Letter of Prof. Q, W* Hough, of the DvMey Oh$ervaUry. 

** There is no other work of this kind in the English language that con- 
tains in so snvall a compass so much j»*actical information in the application 
of galvanic electricity to telegraphy. It should be in the hands of every one 
interested in telegraphy, or the use of Batteries for other purposes." 
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Morse's Telegraphic Apparatus. 

Illustrated. 8vo- Cloth. |8.00. 

EXAMINATION OF THE TELEGRAPHIC AFPARATUS 
AND THE PROCESSES IN TELEGAPHY. By Samuel F. 

• B. MoB«E, LL.D,, United States Commissioner Paris Universal 
Exposition, 1867. 
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Sabine's History of the Telegraph, 

12mow Cloth. $1.26. 

HISTOEY AND PB0GRB8S OF THE ELBCTMC TELE- 
GBAPH, with Descriptions of some of the Apparatus. By 
BoBssT SiJiiifs, 0. E. Second edltioii, with, additions. 

OonrrBNTS.— L Sarlj Obaerrations of Slectrioal Phenomena. IL Tele- 
gxapfaa by Friotional Bleotrieity. IIL Teiegraphs hy Voltaio Eleotrioity. 
lY. Telegraphs by Eleotro-Magnetism and Hagneto-Slectricity, Y. Tele- 
graphs no-w in use. YL Overhead Lines. VlL Submarine Telegraph Lines. 
VlLL Underground Telegraphs. IX. Atmospberie Electricity. 



Haskins^ Galvanometer, 

Pocket fomu DlafltnAed. MoroceQ tndca. |8.0Q. 

THE GALVANO)£ETBB, AND ITS USES; a Manual for 
Electricians and Students. By 0. H. Haskixs. 

" We hope tbia ezfielleht little work wUl meet with the Mile its merits 
entitle it to. To eyeiy tele^^pber who owns, or uses a Oalyanometer, or 
ever ozpeeto to* it wiU be quite indispensable."— -Ifttf Tdegrag^hir. 



Oulley's Hand-Book of Telegraphy. 

8to. aoth. fCOOL 
A HAND-BOOK OF PRACTICAL TELEGRAPHY. By 
R. S. OuLLEYf Engineer to the Electric and International 
Telegraph Company. Fifth edition, revised and enlarged. 



Foster^s Submarine Blasting. 

4ta Cloth. $3.50. 

SUBMARINE BLASTING in Boston Harbor, Massachusetts- 
Removal of Tower and Corwin Rocks. By John G. Fosteb, 
Lieutenant-Colonel of Engineers, and Brevet Major-General, U. 
S. Army. Illustrated with seven plates. 

List of Plates. — 1. Sketch of the Narrows, Boston Harbor. 2. 
Townsend's Submarine Drilling Machine, and Working Yessel attending. 
8. Submarine Drilling Machine employed. 4. I^tails of Drilling Machine 
employed. 5. Cartridges and Tamping used. 6. Fuses and Lisulated Wires 
lued. 7. Portable Friction Battery used. 




Barnes' Sabmariae Wajriare. 

- • • • 

SUBMARINE WARj'ARfi, DEFENSIVE AND OFFENSIVE. 
Comprising a £ull and complete History of the InTei^tion of tbe 
Torpedo, its employment in War and results of its use. De- 
seriptions of Hhi^ Tsakms forms of Torpednes, BtibmftTtfte BwHelries 
and Torpedo Boats aotoally used in War. Methods of Ignitioil 
by Machinery, Contact Fuzes, and Electricity, and a full accoitknt 
of experimenti made to determine the Explosive Force of Gun- 
powder under Water. Also a discussion of the Offensive Tor^)edo 
system, its effe,€t upon Iron-C^d 3l}ip i^tems^ and influence upon 
Future Nftvai: Wat^. Ay Iii^t.^omJ!ttah!der ^ofi* S. Basxes, 
U. S. N. Wth^itnely^ liiitt^riif^]^ pLates mm! mjimxf wood-cuts. 

** A book important to pail^t^^try jnejk, aad eBpecnsilly bo to engineecs and ar> 
tillerists. It consists of an examinalSoh of th^ Tafions offem^ve and ddfeitKive 
Migin^'1{^t )itiVe b^en 6otiMv^ 9ot iuYAxtttriiie hdetHttiM, inbludifi^ a iUixta^ 
(Ii6it of th^ t6t^o tiy^tehi, Itii dff^ti ApdH iioik^ld^ dtip^stetxA, and Ha 
probable M««i^r»oe upbtL futi^a^ tlemX ^iftits, ^^aSbmi^i ^tMsH^ islMufluster 
accompany thelreatisey wh i e h a iff otda ft^eefa^ lagfcory of the momentona sub- 
ject it disci^sa^ ^-mf^ det^l s^ i^ful iidlp'TniatLon !• ^le«ted i]> ita pflifires, 
es^eftiaHy isotitsmsntx^ tik int^xxtioiis of Btmoisi* aftd T^rMt, ^iid df dbKES' 
and Hunt's Ijatteries, as well aft of othei^ ftiJWmir machines, and the use in 



Randall's C^uartz Operator's Hand- 

Book. 



Ifima GIbth. $2XK). 



aUARXZ OPEBAT0BI8 BAND-BOOK. By P. M. Eawaix- 
New edition, revised £^d eiUaorgi^ FuUy il^iiu^aited. 

The object of this work has been to present a dear and oompreHensive ex- 
position of mineral veins, and the means and modes chiefly employed for thd 
mining and working of thcor ores — more especially those containing- gold and 
silver. 




Mitoheirs Maniial of Assaying. 

8va Cloth. |tae#. 

A MANUAL OF PBACTIOAL ASSAYINa By John Mttchkix. 
Third, edition. Edited bj Willi jlm Cuookes, P.B.S, 

In this editiAa are iaootopogatod all tiie Uttoimportnat di0ea?«rimin Amaj- 

ing made in this countrjr and abroad^ and special cacre ia deyoted to tlie very 
important Volumetric and Colorimetric Assays, as well as to the Blow-£ipe 



Benet's Ohronoscope. 

Second MditUnu 

Blustrated. 4tQ. Cloth. f3.0a 

ELECTRO-BALLISTIC MACHINES, and the Schultz Chrono- 
scope. By Lieutenant-Colonel S. V. Benet, Captahi of Ordnance, 
U. S. Army. 

CONTBHTS.— 1. Ballistio PeHduUmL. '^ 2. Gua. PendVOiim. 3. Use of Eleo- 
trioity. 4. Navez' Machine. 5. "Vlgnotlii^s Machine, with Plates. 6. Benton *s 
Electro-Ballistic Pendulnm, with PUitet. 7. Leur's Tro-Pendnlom Machine 
8. Sohultz^s Chronosoope, with two Plates. 



Micliaelis' Chronograph. 

4to. Illustrated. Cloth. $3.00. 

THE LE BOULENGlfi CHRONOGEAPH. With Oiree Htho- 
graphed folding plates gf illustrations. By Brevet Captain E. 
MicHAELis, First Lieutenant Ordjxance Corps, U. S. Army. 

'' The excellent monogtoph of Captain Michaelia enters minutely into the 
details of construction and management, and gives tables of the tioies of flight 
calculated upon a given fall of the chronometer for all distances. Captain 
Michaelis has done good service in presenting this work to his brother oncers, 
describing, as it does, an instrument which bids fair to be in constant use in 
our future ballistic experiments.' — Arrny and Navy Journal. % 
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Silrersmith's Hand-Book^ 

Fourth JSditian. 

lUustratecL 12ibo. Gloth. 18.00. 

A PRACTICAL HAND-BOOK FOR MINERS, MelaDurgists, 
and Assayers, oomprising the most recent iinproTemeiit& in the 
disintegration, amalgamation, smelting, and parting of the 
Precious Ores, with a Comprehensive Digest of the Mining 
Laws. Greatly augmented, revised, and corrected. By Juxius 
SiLVEfiSMiTH. Fourth edition. Profusely illustrated. 1 vol. 
12mo. Cloth. $3.00. 

One of the most important features of this work is that in Vhich the 
mefcallurgy of the precious metsls is treated of. In it the author has endeav- 
ored to embody all the processes for the reduction a^d manipulation of the 
precious ores heretofore successfully employed in Grermany, England, Mexico, 
and the Vnited States, together with such as have been more reciently invented, 
and not yet fully tested — all of which are profusely illustrated and easy of 
comprehension. 



' Levelling. 



8vo. Cloth. $2.60. 

A TEEATISE ON THE PEINCIPLES AND PEACTICE OF 
LEVELLING, showing its application to purposes of Railway 
Engineering and the Construction of Roads, &c. By Eeederick 
W. SiMMs, C. E. From the fifth LondiHi edition, revised and 
corrected, with the addition of Mr. Law's Practical Examples for 
Setting Out Railway Curves. Illustrated with three lithographic 
plates and numerous wood^cuts. 

• 

« * 

** One of the most important .text-books for the general surveyor, and there 
is scarcely a question connected with levelling for which a solution would be 
sought, but that would be satisfactorily answered by consulting this volume." 
— Mining Jour^iaL 

" The text-book on levelling in most of our engineering schools and col- 
leges." — Engineers. 

"The publishers have rendered a substantial service to the profession, 
especially to the younger members, by bringing out the present edition of 
Kr. Simms useful work." — Engineering. 



D. vAir itostmand: 
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Stuart'a Suocess^ Engineer. 

HOW TO BECOME A SUOOESSFUL BNGINEEE: Being 
Hints to Youths intending to adopt the Profession. By 
Berkard Stuart, Engineer. Sixth Edition. 

*' A valuable little book of Bound, Bensible advice to young men wLo 
wish to rise in the most impoi^tant 6f the profesidaiis."— /Sbi^n/^^ American, 



Stuart's Naval Dry Docks. 

Twenty-four engravings on steeL 
Fourth Edition. 

'4to. CJloth. $6.00. 

THE NAVAL DRY DOCKS OF THE UNITED STATES. 

By Chakles B. Stuajit, Engineer in Chief of the United States 

Navy. 

Ztist of JUustrcUions, 

Pumping Engine and Pum|N9 — Plan of Dry Dock and Pump-Well - Sec- 
tions of i)ry Doyk — Engfme HouSe-^IrOn Floating Gate — Details of Floating 
Qate — Iron Turning Gate — Plan of Turning Gate — Culvert Gkite — Filling 
Culvert Gates — Engine Bed — ^Plate, Ptimpfi, and Culvert — Engine House 
Roof— Floating Sectional Dock— Details of Section, and Plan of Tum-Tables 
—•Plan of Basin and Marine Railways — Plan of Sliding Frame, and Elevation 
of Pumps — Hydraulic Oylinder — Plan ol Gearing for Pumps and End Floats 
— Perspective View of Dock, Basin, and Railway — Plan of Basin of Ports- 
mouth Dry Dock — ^Floating Balance Dock — Elevation of Trusses and the 2£a- 
chinery —Perspective View of Balance Dry Dock 



Free Hand Drawing. 

Profusely IUu»tri»ted. 18mo. Boards. 50 cents. 

A GUIDE TO ORNAMENTAL, Figure, and * Landscape Draw- 
ing. By an Art Student. • 

Contents. — Materials employed in Drawing, and how to use them — On 
Lines and how to Draw them — On Shading — Concerning lines and shading, 
with applications of them to simple elementary subjects — Sketches from Na- 
ture. 
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Miuifie'd l^ooibsmsal Drawings 

A 'TEX:i'-B00fe: OF Gft"6'S!tE!i^lOi4:i:i DjiAWtNG for the use 
of Mechanics and Schools, in whiqh the f)ofinitions and Rules of 
Geombtrj are fiE^aEiitiftrly escplain^ ; the JPraetioal Problems aie 
arranged, from the most simple to the more complex, and in their 
description technicalities are avoided as much as possible. With 
illustraticm^ for BraTWiog! Flaf^a* $^|ioAd, and Elevations of 
Buildings and Machinery ; an Introduction to Isometrical Draw- 
ing, and an Essay 6ti Liiieaf* P^pective tod Shadows. Illus- 
trated with over 200 dii,gTfllaul '•ngirfcved on steel. By Wm. 
MiNiFiE, Architect. Eighth Editipn. With an Appendix on the 
Theory and Application of Colors. 

'* It is the best work on Drawing that we have ever seen, and is especially a 
text-book of Geometrical Drawing for the u4e bf Mechanics and Schools. No 
young Mechanic, such as a Machinist, Engineer, Oabinet-Maker, Millwright, 
or Carpenter, should be witftidut it.** — Sekn^flc An^erioan. 

** One of the most comprehensive works of the kind ever published, aad can- 
not ^ut possess great valu^ to builders. The style is at once elegant and sub* 
atantial. ' — Pennsylvania Inquirer, 

" Whatever is said is rendered perfectly intelligible -by remarkably well? 
executed diagrams on steel, leaving nothij^ for mere vague supposition ; am| 
the addition of an introduction to isometrical dxiiwing, linear perspective,* and 
the projection of shadows, winding up, with a useful index to technical teniis*" 
— Glasgow Mech/^nics' Journal, 

1^* The British Grovemment has authorized the use of this book in their 
schools of art at Somerset House, London, and throughout the kingdom. 



Minifie's Geometricq,! Drawing- 

New Etifkofi. SviMrgM. 

1^0. .Ckith. |^^» 

GEOMETRICAL DEAWING. A>rid^ frojo^ the octayo edjtioii, 

for the use of Schools. Illustrated with 48 gteel plates. New 
edition, enlarged. 

'* It 1 well adapted as a text-book of drawing to be used in our High Schools 
and Academies where this useful branch of the fine arts has been hitherto too 
much neglected." — Boston Joui'ncd. 



J). VAJtf NmTMANJ). 
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Bell on Iron Smelting. 

8vo. Clotli. $6.03. 

CHEMICAL PHENOMENA OF IKON SMELTING. An ex- 
perimental and praotieal exauuoatiOA of the cireurnvstances whick 
determine the oapaeitj of the Blast Furnace, the Temperature 
of the Air, and the IVoper Condition of the Materials to be 
operated upon. By I. Lowthiait Bell. 

" The reactions which take place in every foot of the blast-furnace have 
been investigated, and the nature of every step in the process, from the intro- 
duction of the raw material into the furnace to the production of the pig iron, 
has been carefully ascertained, and reooided oo fully, that any one in the trade 
can readily avail themselves of the knowledge acqtdred ; and we have no Ites- 
itation in saying that the judicious application of such knowledge will do 
much to facilitate the introduction of arrangements which will still further 
economize fuel, and zA, the Hune time permit oi the quality of the resulting 
metal being maintained, if not improved. The volume is one which no prao- 
tieal pig iron manufaatorer oan affwd to be without if he be desirous of em* 
tering upon that competition 'which nowadays is essential to progress, and 
in issuing such a work Mr. Bell has entitled himself to the beet thanka of 
every mendber of the tBade**'— ikmd^n MirUfkg J(mrnaL 



King's Notes on Steam. 

Thirteenth Edition. • 
8vo. Cloth. $2.00. 

LESSONS AND PRACTICAL NOTES ON STEAM, the Steam- 
Engine, Propellers, &c., &c., for Young Engineers, Students, and 
others. By the late W. B. King, U. S. N. Revised by Chief- 
Engineer J. W. King, U. S. Navy. 

** This is one of the best, because eminently plain and practical treatises on 
the Steam Engine ever published. ' — Philadelphia Pres», 

This is the thirteenth edition of a valuable work of the late W. H. King, 
XT. S. N. It contains lessons and practical notes on St^am and the Steam En- 
gine, Propellers, etc. It is calculated to be of great use to young merine en- 
gineers, students, and others. The text is illustrated and explained by nn- 
merous diagrams and representations of machinery.— -Bm<o» Ikuly Adver* 
User. 

Text-book at the XJ. S. Naval Academy, Anaapnlifc 
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Burgh's Modern Marine Engineering- 

One thick 4to vol. Cloth, $25.00. Half morocjo. $30.00. 

MODERN MARINE ENGINEEBING, appHed to Baddle and 
Screw Propulsion. Consisting of 36 Colored Plates, 259 Practical 
Wood-cut Illustrations, and 403 pages of Descriptive Matter; the 
whole being an exposition of the present practice of the follow- 
ing firms : Messrs. J. Penn & Sons ; Messrs. Maudslay, Sons & 
Field ; Messrs. James Watt & Co. ; Messrs. J. & G. Bennie ; 
Messrs. Er. Napier & Sons ; Messrs. J. & W. Dudgeon ; Messrs. 
Havenhill & Hodgson ; Messrs. Hum][^eys & Tenant ; Mr. 
J. T. Spencer, and Messrs. Forrester & Co. By N. P. Bubgh, 
Engineer. 

Principal Contents. — G^ueral Arrangements of Engines, 11 examples 
— Qeneral Arrangement of Boilers, 14 examples — Greneral Arrangement of 
Superheaters, 11 exampleS'^-Details of 'Oscillating Paddle Engines, 34 ex- 
amples — Condensers for Screw Engines, both Injection and Surface, 20 ex- 
amples — Details of Screw Engines, 20 examples — Cylinders and Details of 
Screw Engines, 21 examples — Slide Valves and Details, 7 examples — Slide 
Valve, Link Motion, 7 examples — Expansion Valves and Gear, 10 exam- 
plea — Details in General, 80 examples --Screw Propeller and Fittings, 13 ex- 
amples Engine and Boiler Fittings, 28 examj>les In relation to the Princi- 
ples of the Marine Engine and Boiler, 88 examples. 

Notices of the Press, 

** Every conceivable detail of the Marine Engine, - under all its various 
forms, is profusely, and we must add, admirably illustmted by a multituda 
of engravings, selected from the best and most modern practice of the fiirst 
Marine Engineers of the day. The chapter on Condensers is peculiarly valu- 
able. In one word, there is no other work in existi nee which will bear a 
moment's comparison with it as an exponent of the skill, talent and practical 
experience to which is duQ the splendid reputation enjoyed by many British 
Marine Engineers." - Engineer. 

** This very comprehensive work, which was issued in Monthly parts, has 
just been completed. It contains large and full drawings and copious de- 
scriptions of most of tho best examples of Modem Marine Engines, and it is. 
a eon^plete theoretical and practical treatise on the subject of Marine Engi- 
neering." American Artimn, 

This is the only edition of tho above work with the beautifully colored 
plates, and it is out of print in England. 



D. VAN NOSTRAND. 
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Bourne's Treatise on the Steam En- 
gine. 

Ninth Edition* 

Illustrated. 4to. doth. $15.00. 
TREATISE ON THE STEAM ENGINE in its various applica- 
tions to Mines, Mills; Steam Navigation, Hailways, and Agricul- 
ture, with the theoretical investigations respecting the Motive 
Power of Heat and the proper Proportions of Steam Engines. 
Elaborate Tables of the right dimensions of every part, and 
Practical Instructions for the Manufacture and Management of 
every species of Engine in actual use. By JoHir BorKKE, being 
the ninth edition of " A Treatise on the Steam Engine," by 
the " Artisan Club." Illustrated by thirty-eight plates and five 
hundred and forty-six wood-cuts. 

As Mr. Bourne's tvtirk has the great merit of aToiding tmsotuid and imma- 
ture views, it may safely be consulted by all who are really desirous of ao- 
quiring trustworthy information on tbe subject of which it treats. During 
the twenty-two years which have elapsed from the issue of the first edition, 
the improvements introduced in the construction of the steam engine have 
been both numerous and important, and of these Mr. Bourne has taken care 
to point out the more prominent, and to furnish the reader with such infor- 
mation as shall enable him readily to judge of their relative value. This edi- 
tion IvM been thoroughly modernized, and made to accord with the opinions 
and practice of the more sucoesafnl engineers of the present day. All that 
the book professes to g^ve is given with ability and evident care« The scien- 
tific principles which are permanent are admirably explained, and reference 
ia made to many of the more valuable of the recently introduced engines. To 
express an opinion of the value and utility of such a work as Tlie ArUsan 
Club's Treatise on ilie Steam J^n(jftne, which has passed through eight editions 
already, would be superfiuous ; but it may be safely stated that the work is 
worthy the attentive study of all either engaged in the manufacture of steam 
engines or interested in economizing the use of steam. — Mining Journal, 



Isherwood's Engineering Precedents. 

Two Vols, iii One. 8vo. Cloth. $3.50. 

ENGINEERING PEECEDENT8 FOB STEAM MACHINERY. 
Arranged in the most practical and useful manner for Engineers. 
By B. F. IsHEKWooD, Oivil Engineer, U. S. Navy. With illus- 
trations. 
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Ward's Steam for the MilliosL 

New and Revised Edition. 

8to. Cloth. IliOa 

STEAM FOE THE MILLION. A Popular Treatise on Bteam 
.and its Application to the Usefiil Arts, especially to Naviga- 
tion. By J. H. Wabd, Commander U. S. Navy. New and re- 
vised edition. 

A moBt ezoellent work for the young engineer and general reader. Many 
jfaots relating to the xoanagement of the boiler and engine are set forth with a 
simplicity of language and perfection of detail that bring the subject home 
t« the reader. — American Engineer, 



"Walker's Screw Propulsion. 

8vo. Cloth. 75 cents. 

NOTES ON SCREW PROPULSION, its Rise and History. By 
Capt. W. H. Walkeb, IT. S. Navy. 

Commander Walker's book contains an immense amount of oonoise practi- 
cal data, and every item of information recorded fully proves that the various 
points bearing upon it have' been well considered previously to expressing an 
o^inion.'x^Ijondon Mining Journal* 



Page's Earth's Crust. 

18mo. Cloth. 75 cents. 

THE EARTH'S CRUST : a Handy OuUine of Geology. By 
David Paqs. 

" Such a work as this was much wanted — a work giving in clear and intel- 
ligible outline the leading facts of the science, without amplification or irk- 
some details. It is admirable in arrangement, and clear and easy, and, at the 
same time, forcible in stylo. It will lead, we hope, to the introduction of 
Geology into many schools that have neither time nor room for the study of 
large treatises.** — The J.u*eufn, 




Rogers' Gferology df Pennsylvania- 

3 Vols. 4to, with Portfolio of Majpu Cloth. $30.00. 

THE GEOLOGY OF EENNSY^iVANIA. A Government Sur- 
vey. With a general view of the Geology of the United States, 
Essays on the Coal Formation and its Fossils, and a description 
of the <yoal Fields of North America and Great Britain. By 
Henry Dahwik Eogers, Late State Geologist of Pennsylvania. 
Splendidly illustrated with Plates and Engravings in the Text. 

It certainly should be in every public librajy •oroughocit the country, and 
likewise in the possession of all students of Gieology. After the final sale of 
thesQ copies, the work will, of course, become more valuable. 

The work for the last five years has been entirely out of the market, but a 
few copies that remained in the hands of Prof. Rogers, in Scotland, at the 
time of his death, are not^ Offefed Xq^ th^ public, at a prlpe which is even 
below what it was originally sold for when first published. 



Morflt on Pure Fertilizers. 

■ 

With 28 Illustrative Plates. 8vo. Cloth. |20.00. 

A PRACTICAL TREATISE ON PURE FERTILIZERS, and 

the Chemical Oonversion of Rock Guanos, Marlstones, Coprolites, 
and the Crude Phosphates of Lime and Alumina Generally, into 
various Valuable Products. By Campbell Morfit, M.D., F.C.S. 



Sweet's Report on OoaL 

8vo. Cloth. $aiK). 

SPECIAL REPORT ON COAL ; ahowing its Distribution, Olassin 
fication, and Cost delivered over different routes to various points 
in the State of New York, and the principal cities on the Atlantic 
Coast. By S. H. Swket. With maps. 



Oolbum's Gas Works of London. 

Idmo. Boards. 60 cents. 

GAS WORKS OF LONDON. By Zkrah Colbubw. 



J 
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The Useful Metais and their Alloys ; 
Scoffren, Truran, ^nd others. 

Fifth Edition. 

8vo. Half calf. |3.75. 

THE USEFUL METALS AND THEIE ALLOYS, incliding 
MINING YENTILATION, MINING JUEISPI^DENCE 
AND METALLUEGIC CHEMISTEY employed in Uhe oonyer- 
sion of lEON, COPPEB, TIN, ZINC, ANTIMONY, AND 
LE\D OEES, with their applications to THE INDUSTEIAL 
AETS. By John Scgppejbn, William Teitrak, William Clay, 
Egbert Oxland, William Faibbaibn, W. C. Aitkin, and Wil- 
liam VosE Pickett. 



Collins' ITsefTil Alloys. 

18mo. Flexible, 75 cents. 

THE PEIVATE BOOK OF USEFUL ALLOYS 'and Memo:, 
randa for Goldsmiths, Jewellers, etc. By James E. Collins 

This little book is compiled from notes made by the Author from the 
papers of one of the largest and most eminent Hanufacturing Gktldsmiths and 
Jewellers in this country, and as the firm is now no longer in existence, and the 
Author is at present engaged in some other undertaking, he now offers to the 
public the benefit of his experience, and in so doing he begs to state that all 
the alloys, etc., given in ihese pages may be confidently relied on as being 
thoroughly practicable. 

The Memoranda and Receipts throughout this book are also compiled 
from practice, and will no doubt be found useful to the ^auctical jeweller. 
— Shirley, July, 1871. 

- - , - I 

Joynson's Metals Used in Construction. 

12mo. Cloth. 75 cents. 

THE METALS USED IN CONSTEUCTION : Iron, Steel, 
Besaemer Metal, etc., etc. By Francis Herbert Joynson. Il- 
lustrated. 

" In the interests of practical science, we ore bound to notice this work ; 
and to those who wish further informatioi^ we should say, buy it ; and the 
outlay, we honestly believe, will be considered well spent." — SeterUiflG 
Seview, 
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H^lleyf^ Or^jRO^o^ and Aianor. 

493 Engravixigs. Hdbt'Eofiii, HO.Oa Half Rtuna, $12.00. 

A 5BI1A.TISE ON OS^NANCB AND ABMOSr^Bmbramg 

X)ieeGr^ptioii9) Diseoasiail^t ^nd Fro^Qoaioiial Opinions oonceoming 

. the Matsbxas, Fabjelkjax^^, JUqumnifintil; CapabiMeSi and En- 

. durance of Eutopew ^d A^nob^can Ghuusf for Ni^Lya}, Sea Coast, 

^ Mi^d Iron^clad Wat£pu?e> and their BiFLore, Pbojisgtiles, and 

BREBOH*LoADiNa ; also, Bei^ults of Exp^rinjtentfl.agajiist Armor, 

from Official Becords, with an Appendix referring to Gxin-Cotton, 

Hooped Guns, etc., etc. By Amxakdbr L. Hollet, B. P. 948 

pages, 498 Engravings, and 147 tFables of Eesult9, etc. 

CoKtetTS. 

ChaptbE L— Standard GkuDB and th«r Fabrioatbn Described : Section 1. 
Hooped G^s; Section 2* Solid Wxoa|rht Ifon Gnnt; Sections. Solid Steel 
Qhins; Section 4 Oast-Iron Quns. Cha?T]BB IL — ^The Bequirements of Ouns, 
Axmot: Section 1. The Work to be done ; Section 2. Hefvry Shot at Low Ve- 
locities; Section 3. Small Shot at High Velocities; Section 4. The two Sfs- 
tems Combined; Section 5. Breaching Masonr y . Chapter III. — The Strains 
and StmQtnre of Ounr: Secl^on 1. ResislianGe to IStlwtior Presstdr^; Section 2. 
The Effects of Vibration; SecHon 3. Tfiie Effects of Heat. Chapter IV.— 
Cannon Metals and Processes of Fabrication: Section 1. Elasticity and DuctiL 
ity; Section 2. Cast-Iron; Section 3. Wrought Iron; Section 4. Steel; Sec- 
tion 5. Bronze ; Section 6. Othe^ Alloys. ObaPTBR V. — Kifling and Projec- 
tiles; Standard Forms and Practice, Described; Early £|xperiments ; The 
Centring System; The Compressing System; The 'Expansion System; Armor 
Punching Prpjectiibs; Shells fcVr Molten Metal; Competitiye Trial of Rifled 
Gkins, 1862; Duty of Rifled Guns: GMeral Uses, Accuracy, Range, Velocity, 
Strain, liability of Prpjectile to Injury ; Firing Spherical Shot from Rifled 
.Oui|9; Mptterial for Armor-Punching projectiles ; Shape of Arnior^Punching 
Projectiles; Capacity and Bestructiyeness of Shells; il^longated Shot from 
Smooth Bores; Conclusions; Velocity of Projectiles ('Rible^ Chapter VI. — 
Breech-Loading Advantages and' DefsotB of Hhs System ; Rapid Firing and 
Cooling Guiu^ l>y yachhyiy ; , Standard Breeoh-Load^a. J)^scril|B|i.'| Part Sec- 
ond: Experiments against Armor; Account ^ Exp6riiheAts''f!fom Official 
Records in Chronological 0^^.^ App;B|n>ix,7-Report on the Application of 
Gun-Ootton to Warlike Purposes — British Association, 1863 ; Manufacture and 
' ]E^^«riineKtS'lb Bii^land ; : GiuU''Bi>opecl with Initial TcJn^on*-fiifitory ; Heir 
,QmiB Bursty by WMtr4|X^9(ia»> Aoteletfkting Gun; EndvnoirQe of Parrott 
and Whit-vtfc^lv. Guns at Charleston ; Hooding old United States Cas^Iron 
Gunis ; Endurance and Accuracy of the Armstrong 600-pound^r; CompetitiTe 



Trials with 7-inch Giins. 
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Peirce^B Aiiaty^Uo Meohaakiofi. 

4t6. aoOi. 110.00. 
SYSTEM OF AKALTEIO llBdOANICS. Physioal trnd Odes^l 

• ^^ I 

Mechanics. By BsHJAvnr pKiBCiSy Perkixis Professor of Astroiiomy 
and Mathematics in Harratd tJniTersily, asid Oonscdting' As- 
tronomer of the American Ephefmeris and Nautical Almanac. 
Developed in four systems of Analytic Mechanics^ Celestial 
Mechanics, Potential Physics, iEind Analytic Morphology. 

" I hare re-exAminedi the memoirs of the great geometers, and have ftriyen 
to consolidate their latest researches and their most exalted forms Of thought 
into a consistent and uniform treatise! If I have hereby succeeded in open- 
ing to the students of my country a readier access to these choice jewels of 
intellect ; if their brilliancy is not impaired in this attempt to reset them ; i^ 
in their own ooiiBteilatian, ihey illustrate eaoh other, and coftceiitrate 
a stronger light upon the namee of their diseoyeters , aiid, still more, if any 
gem which I may have presumed to add is not wholly lustreless in the oollec- 
tion, I shall feel that my work has not been in Toin.*' ~ SaPraH from the Preg 

face, 

«» 

Burt's Key to Solar Compass^ 

S^f^ynd Edition. 

Poeket Book Form. Tuok. %%M. 

KEY TO THE SOLAS COMPASS, and Surveyor's Companion ; 
comprising all the B^es • necessary for use in the field; ajso, 
Description of the Linear Surveys and Public Land System of 
the United States, Notes on the Barometer, Suggestions for an 
outfit for a Survey of four months, etc, etc., etc. By W. A- 
BuKT, U. S. Deputy Surveyor. Second edition. 



Chauvexiet^s Ltuiar Distances. 

8vD. doth. $2iX>. 

NEW METHOD OF CORBECrTING LUNAR DISTANCES, 
and Improved Method of Finding the Error and Rate of a Chro- 
nometer, by equal altitudes. By Wm. CHAimurET, LL.D., Chan- 
cellor oir WasMngton University of Si Louis. 
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Jeffers* -Nautical Si^^ying. 

niostrated wiili 8 Copperplates and 31 Wood-oat lUuBtrations. 8vo. 

' Oloih. $5.oa 

.^A-UTICAL SUJRV^YINd ;Bj Wh-wax N. Jbfphrs, Captain 
U.' 8, Navy. • . ' 

Many books liaTe been written on each of the Bub}eoto treated ol in the 
sixteen chapters of this work; and, to obtain a oomplete knowledge of 
■ geodetic surveying requires a profottnd study of the whole' range of mathe- 
matical and physical sciences ; but a year of preparation should render any 
intelligent officer competent to conduct a nautical survey. 

Contents. — Chapter X. Formula and Constant^ Useful in Surveying 
IL Distinctive Characiaf of Shrv^ys. . l£t^/(Udg^phic Surveying under 
Sail ; or, Running Survey. IV. Hydrographic Surveying of Boats ; or, Har- 
bor Survey. V. Tides— Definition of Tidal t^enomena — Tidal Obeervations. 
yi. Measurement of Bases — Appropriate and Direct VII. Measurement of 
the Angles of Trlftnglfes — ^Azimuths — Astronomical Bearings. VIII. Correc- 
tions to be Applied to the Observed Angles. IX. LevelHng^^Differetioe of 
LeveL X. Computation of the Sides of the Triangulation — The Three-point 
Problem. XI. Determination of the (Geodetic Latitudes, Longitudes, and 
Azimuths, of Points of a Triangulation. XII. Summary of Subjects treated 
of in preceding Chapters — Examples of Computation by various Formulae. 
XUL Projection of Charts and Plans. XTV. Astronomical Determination of 
Latitude and Longitude. XV. Magnetic Observations. XVL Deep Sea 
Soundings. XYXL TatllM .&r * Afl«4itslmi)g .Disj^qw: i^ Soa, and a full 
Index. 

l^ist of Plates, 

Plate L Diagram lUostfative of the Xriangulation. IL Specimen Page 
of Field Boo]^<. III. Running Sv^tvej' of t Coast IV. Example of a Running 
Survey from Belcher. V. Flying Survey of an Island. VI. Survey of a 
Bhoal. VIL Boat Survey of a River. VIII. Three-Point Problem. IX. 
Triangulation. 



Coflin's NavigatioiL 

JFifth EdUUm. 

Idmo. Cloth. $3.50. 

NAVIGATION AND NAUTICAL ASTRONOMY. Prepared 
for the use of the U. 8. Naval Aoademy. By J. H- C. Coitfik, 
Pro£ of Astronomy, Nayigatioa and Suryeyin|p, with 52 wood- 
out illustrations. 
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dark's! Theoretical tTavigatidn. 

SWi ClotlL 18.00. 

THBOES!*I»AL ilATldATlOJr AND iJAtJTIOAt AOTRdiS- 
OMT. By Lewis Olajlk, Lietit«Commander, XJ; 8. fCaYy. II- 
lufitraied wiik 41 Wood-cotsy including the Yender. 

PMpovod lor Uw ftt tiie V, S. Naral Academy. 



Tile Plane Table. 

iUnatsatad. 9n. doth. 98.00. 

I 

ITS USES Ji( TOPOGRAPHICAL BURVEYUtd. Prom the 
Fctpen of tbe U. S. Coast Surrejr. 

ft 

This work gives a dewsription of the Plane Table employed at the V, 8. 
Coast Survey Ofiloe» and the maaner of uaiiig it. 



Fook on Shipbtiilding. 

8vo. Cloth. 95.00. 

METHOD OF COMPAEING THE LINES AND DRAUGHT- 
INa VESSELS PROPELLED BY SAIL OR STEAM, in- 

eluding a Chapter on Laying off on thd Mould-Loft Floor. By 
Sahttbl M. Pock, Naval Constructor. 1 voL, 8to. With illus- 
trations. Cloth. $5.00. 



Brunnow's Spberical . Astronomy. 

Sro. :01oth, I6.Q0. 

SPHERICAL ASTRONOMt. By F. BstrimoMr, Ph. Dr. = Trana- 
lated by the Author froiA the Seocmd'Geriiiaii edition. 
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Van 'Buren^s Formttlas. 

IKfl8311&jLTlONS OF F0BMUL46, for the SteftBigth pf the 
Xscm P«it8 of Stemu MlM^hiaeiy. By J. D. Ya.^ Bcjush, Jr,, 0. E. 
Illui^trat^d. . 

This is an analytioal discuflsion of the for^^l^e empl9j«4 \j mechanical 
engineers in determining the rupturing or crippling pressure in the different 
parts of a machine. The formulae are founded upon the principle, that the 
diflSerent parts of a machine should be equally strong, and are developed in 
reference te the ultimate strength of the material in ordeT to leave the choica 
of a factor of safety to the judgment of the designer. SUUmarCs JoumdL 



Joynson on. Machine Gtearing, 

8vo. Cloth. f2^. 

THE MEGHAKLC'S AND STUDENT'S GUIDE in the Design- 
ing and Construction of General Machine Gearing, as Eccentrics, 
SgsBeiwi^p Toothiei Vli^ls, etc., and tfee Drawing of Bectilineal 
l^d Curyed 8ip:&ce9 ; with Practical Bule^ and Dets^Is. Edited 
by Erakcis Hbkbert JorNisoK. ZUujstmted witb 18 folded 
plates. 

"The aim of this work isio he a giude to mechanics in the designing and 
oonstmotion of general machine-gearing. This design it well fnlfils, being 
plc4«l}r and JBenslbly w^ttem and profusely illiutrated.^' — ^nc^jf Times, 



Ban»ar4's Report, Paris Exposition, 

1867. 

Qhistrated^ 8va Cloth. |&jOO. 

BEPORT ON MACHINERY AND PROCESSES ON THE 
INDUSTRL^lL arts and APPAJIATUS OF THE EXACT 
SCIENCES, By P. A. P. Babwam), IiL.D.— P^ria Universal 
Eiepositbn, 1867. 

** We have in this volume the results of Dr. Barnard's study of the Paris 
Exposition of 1867, in the form of an official Beport of the (Government. It 
is the most exhaustive tre:itise upon modem inventions that has appeared* 
since the Universal S!xhihition of 1851, and we douht if anything equal to it 
has appeared this century.'* —Journal AppUed Chemistrp, 
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Eiigmeering> Facts and FiguiBs. 

18mo. Olotli. $9.50 per Volume. 

AN ANNUAL RfiGIOTEB OF PIJOGRE88 IN MBCHAifl- 
OAL ENGINEERING AND OONSTRtJCTlON, for the Years 
1863^4-65-66-67-68. Fully illustrated. 6 vc^uiaeeL 

£ach volume sold aeperately. 



Beokwith's Pottery. 

8yo. Paper. 60 cents. 

OBSERVAriONS ON THE MATBRIAJ^S and Maaafaeture of 
* Terra-Cotta, Stone- Ware, Fire-Brick, Porcelain and Encaustic 
Tiles, with Remarks on the Products exhibited at the London 
International Exhibition, 1871. By AJtiHTJB Bbckwtth^ (Hvil* 
Engineer. ' 

■ 

" Everything is noticed in this book which comes under the head of Pbt- 
tery, from fine porcelain to ordinary brick, and aside from the intet^est winch 
all take in such manofiaeturefi, the work will be of considerable valua to 
followers of the ceramic art.'' — EveniTig Mail, 



Dodd's Dictionary of Mannfaotures, etc. 

12mo. Cloth. $3.00. 

• » ' * ■ • • 

DIOnONARY OP MANUFACTtJRES, MINING, MACfHil^- 
ERY, AND THE INDUSXlBIAii ARTS. By Geoboe Dsdd. 

This work, a small beole on si great subjeot,-* toea&y in alphabetical ar- 
rsAgemen ji» of those ^merons matters wh^cl^ como genesral^y within .the ran^ 
of manufactures and the productive arts. , The raw materials — animal, vege- 
table, and mineral — whentie'the manu^tured products are derived, are suo- 
cinotly noticed in oonneetioxi with 'the processes which they ubdergo, but not 
as subjects of natural history. The operations of the iHine and the Mill, the 
Foundry and the Forge, the Factory and the Workshop, are passed under re- 
view. The prisboipal machines and engines, tools and apparatus, concerned io 
Qianufacturing processes^ are Mefly described. The scalo on which our chief 
branches of national industry are conduoted, in regard to values fuidquaiitltifis* 
is indicated in various ways. 
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Stuart's Civil and Military Engineer- 
ing 6f' Ameiriba. ' 

8vo. Illustrated. Cloth, $5.00. 

THE CIVIL AND MILITARY ENGINEERS OP AMEBICA. 
By General Charles B. SWAat, Author of ** Naval Dry Bdcks 
of tiie United States,'' etc., etc. Bmbelliehied MHcth nine finely 
executed portraits on steel of eminent engineers, and illustrated 
by engravings of some of the mosi important and original works 

oonstrueted in America. 

Containing sketches of the Life and Works of* Major Andrew Mlicott, 
James Geddes (with.Portrait\ Benjamin Wright (with Portrait), Canvass 
White (with Portrait), David Stanhope Bates, Nathan S. Roberts, Gridley 
Bryant (with Pprtrait), Greneral Joseph G. Swift, Jesse L. Williams (with 
Portrait;, Colonel William McKee, Samuel H. Kneass, Captain John Childe 
with Portrait \ Frederick Harbach, Major David Bates Douglas with Por- 
trait), Jonathan Knig^l; tB^njiiniin H. Xlifliote. C^th Portr'cdt)^ Colonel Char- 
les ^llet, Jr. vwith Portrait), Samuel Forrer, William Stuart ^Watson, John 
A. Boebling. ^ 



Alexander's Dictionary of Weights 

and Measures. 

UNIVERSAL DICTIONARY OF WEIGHTS AND MEAS- 
URE8, Ancient and Modem, iteduoed to the standards' of the 
United States of America. By J. H. Alexander. New edition. 
1 vol. 
" As a-standard work of reference, j;his bfojc should l)e in,eyery library ; it 

is one wldek we have- lon^- Wanteitrnd ffcViH save much trotjftjte and re- 

sejarch." — Scientific Ame^toat^^ ', ... ► ». . ' 



Gouge on Ventilation* 

Thir^ Edition Hvilarged* 

' 8t9. Cloth. $2.00. 

JOaW SYSTEM OF VENTILATION, which has been thoroughly 
tested under the pataronage of. many distinguished persons. By 
Henry A. Gougs^ with ma^y illustrations* 
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Saeltzer'e Aooi23tics. 

12aio. Glotk. t9.0Q. 

TB£ATIgE ON ACOUSTICS in Cotmectioii with YeniilatioiL 
With a new theory baaed- oa m importfuit diacovBij, of facilitat- 
ing clear and intelligible sound in ai^ biulding. By Aubxajk^es 
Sa¥:i«tPSk. 

** A pmciioal and Yvtj sotuid ti^endse <m a sabject of great importance to 
architects, and one to which there has hitherto been entirlytoo little attention 
]iaid. The author's theory is, that, by bestowing proper care upon the point 
of Aooustios, the requisite ventilation wUl be obtained, and dim 
Broold/ffn Union, 



Myer's Manual of Signals. 

New Editionm Enlarged^ 

12mo. 48 Plates full Boan. |5.00. 

MANUAL OP SIGNALS, for the Use of Signal Officers in the 
Field, and for MiHtary and Naval Students, Military Schools^ 
etc. A new edition, enlarged and illtistrated. By Brig.-Gen. 
Alberx J. Mteik, C^ef Bigixal Offioer of the Ariit^> C<4oilri of 
the Signal Corps during the War of the ^belUon. 



Larrabee's Secret Letter and 
Telegraph Code- 

18mo. Cloth. 11.00. 

CIPHER AND SECRET LETTER AND TELEGRAPHIC 
CODE, with Hogg's Improvements. The most perfect secret 
Code ever invented or discovered. Impossible to read without 
the Key. Invaluable for Secret, Military, Naval, and Diplo- 
matic Service, as well as for Brokers, Banloers, and Merchants. 
By C. S. Labeabee, the Ofri^nal inventor of the scheme. 
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^tnit% Bfesigns'for Oeintral Paarfe 
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DESIGNS FOR THE Q'ATEWAYS OF THE SOTJTHEBN 
ENTRANCES SPG THE OENTHAL PARK. By Eichjlkd M. 
Httkt. Wii!i a dBscriptiott of riie designs. 






Pickert «Sld Met©aH*s Art of Qrainirig. 

THE AM QF.ffiBAJNJJjTft . HwAi^iWB^d^H^HqwErq^WJ^d, 
with, description of coloia and ihair application. By Charles 
Pickert a^d ^^s^^^f^ Mi^xp^p^ Pp^^Mifully illustifUed with 42 
tinted plates of the Various woods used in interior flushing. 
Tinted paper. 

The authors present here tl^e resist of lon^ experience in the praotipe of 
this deeoratiye art, ^ud feel'co^fidep[t that t^ey hereby offer to their l>rother 
ariiians a teliabie guide to itti^roTeviient in the practioe of graining. 



60 %p.Fprti»itf on Stofi- Koji^QTa Cloth. |6.flQ. 

IdsM). ai£»th.- %l*5% 

ONE LAW IN NATURE. By Capt. H. M. Lazellb, XT. S. A. 
A New Corpuscular "Theory, 'cioniprejiepdiug Unity of Force, 
Id^ti)^ of Matter, ,a44 ^^ Multiple Atom Constitution, applied 
to the Physical AJSEections or Modes of Energy. 
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Eiust% .MaiiQal of.JMilitary Ear 

183 Wood Cute and 8 Lifhogra^hed ViAet. ISmo. doth. |6.00. 
A MANUAL OF PBACTIOAIi MILITAEY ENGINEEE- 
INO* Prepared for tlxe use of .tb« Cadeti of the U. S. Military 
; Apademy, and for Engineer Tnxgpe. > ^ OaptO.H. Eskst, 
Corps of Engineers, Instraqtor in Pr^tioal Military Engi- 
neering, U. S. Military Academy. 



. Churches l^etaUxtrgloal Jpiuiie^. 

94 niustrationB. 8to. Cloth. |2.0(i. 

NOTES OP A METALLUBGIOAL JOUENEY IN 
EUROPE. ^ByJOHS A. OtttrBOH, Engineer of Mines. 
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Blake^s Precious Metals. 

8vo. Cloth. $2.00. 

BEPORT UPON THE PEECIOTJS METALS: Being Statisti- 
cal Notices of the principal Gold and Silver producing regions 
of the World. Kepresented at th^ Paris Universal Bxpp^i- 
tion. By William P. Blake^ Commissioner from the State 
of California. 



Cletreiiger'd Sttrv'eying. 

Illustrated Pocket Form. Morocco Gilt. $2.50. 

A TftBAWSE ON T^ftB MSTHO© 0»- WyVERNMfiNT 
SURVEYING,' as prescribkl by.th* tJnifjed Sitates Congress, 
and Commissioner of the General Land Office. With com- 
plete Mathematical, Astronomical and Practical Instructions, 
for the use of Ijbe. United Spates ^.urv^ors jp- Jhe Field, and 
Students who' contiBmplatfe efbgagirig in'the btisfness of Public 
Land Surveying. By S: E. ClffiVBSfOEE, U. S. Deputy Sur- 
.veyor* 

"Th^ reputation of tbe author as a Burveyor guamntees an exhaustive 
treatise on this subject.^' — Dakota B^it^r, 

" SoUreyors have lon^ need|»d a text-book of this deiHsription.— 2!^ Prist, 
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Bow on Bracing. 

156 nittstrationB on Stone. 8to. Clotb. $1.50. 

A TEEATISE ON BRACING, with its application to Bridges 
and other Structures of Wood or Iron. By Egbert Henry 
Bow, C. E. 
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Howard's Earthwork Mensuration. 

8vo. Illustrated. Cloth. , $1.50. 

EARTHWORK MENSURATION ON THE BASIS OF 
THE PRISMOIDAL FORMULA. Containing simple and 
labor-saving method of obtaining Prismoidal Contents direct- 
ly from End Areas. Illustrated Tiy Examples, and accom- 
panied by Plain Rules for practical uses. By Conway R. 
Howard, Civil fingiu^eY, :^!chmon4 Va* 



McAlpine's Modern Engineering. 

Seoond Edition. 8to. Clotli. $1.50. 

MODERN ENGINEERING. A Lecture delivered at the Amer- 
ican Institute in New York, 35y: Willi A>f J. McAlpike. 



Mowbr^jy's Tri-Nitro-Glycerine. 

« ■ «... 4 * Y 

8vo. Cloth. Illustrated. $8.00. 

TRI-NITRO-GLYCERINE, as applied in the Hoosac Tunnel, 
and to Submarine Blasting, Torpedoes, Quai'rying, etc. Being 
the result of six years' observation and practice during the 
manufacture of five hundred thousand pounds of this explo- 
sive, Mica Blasting Powder, Dynamited ; with an account of 



